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ABSTRACT 


A  method  using  the  skin  of  guinea  pigs  has  been 

developed  for  quantitatively  measuring  the  transepidermal , 

intracutaneous  absorption  of  radioisotope-labeled  compounds. 

14 

The  intracutaneous  absorption  of  topically  applied  C  -labeled 
salicylic  acid  was  measured  by  the  described  method  and  compared 
to  the  systemic  absorption  of  the  drug  as  determined  by  plasma 
analysis.  The  comparisons  are  based  on  studies  of  absorption 
as  a  function  of  rest  time  and  of  concentration. 

Systemic  absorption  through  the  skin  was  found  to  be 
not  representative  of  intracutaneous  absorption  in  either  study. 
These  results  indicate  that  percutaneous  absorption  measurements 
should  be  made  for  both  the  intracutaneous  and  systemic  phases. 
The  effects  of  the  rest  time  and  concentration  variables  on 
intracutaneous  absorption  were  in  good  agreement  with  effects 
predicted  theoretically.  This  situation  did  not  hold  true  for 
the  systemic  values  obtained.  Possible  explanations  for  the 
differences  between  the  intracutaneous  and  systemic  measure¬ 
ment  results  and  between  the  experimental  and  theoretical  data 
are  presented. 
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INTRODUCTION 


The  percutaneous  absorption  of  a  drug  from  a  topically 
applied  vehicle  may  be  considered  as  being  basically  a  two- 
phase  process  where  the  drug  penetrates  from  the  surface  of 
the  skin  into  the  living  epidermal  and  dermal  tissues  and  then 
into  the  circulatory  system  of  the  body.  Absorption  by  each 
of  these  two  phases  will  be  more  specifically  referred  to  in  this 
dissertation  as  intracutaneous  absorption  and  systemic  absorption 
respectively  while  reference  to  absorption  by  both  phases  sim¬ 
ultaneously  will  be  represented  by  the  more  general  term  of 
percutaneous  absorption.  The  degree  of  absorption  intended  in 
each  of  these  phases  may  vary  depending  upon  the  reason  for 
initiating  percutaneous  absorption.  For  example,  when  local¬ 
ized  dermal  therapy  is  necessary  a  maximum  amount  of  drug  should 
be  concentrated  in  the  intracutaneous  phase  at  the  required  site. 
Subsequent  systemic  absorption  should  be  kept  to  a  minimum, 
however,  in  order  to  prolong  the  contact  of  the  drug  with  the 
skin  tissues  and  to  reduce  the  possibility  of  the  drug  causing 
undesirable  systemic  side-effects.  Therefore  studies  on  per¬ 
cutaneous  absorption  should  be  directed  to  the  individual  in¬ 
vestigation  of  absorption  in  each  of  these  phases. 

The  interest  of  pharmaceutical  formulators  in  percut¬ 
aneous  absorption  derives  from  the  many  claims  that  formulation 
factors  can  influence  the  rate  and  the  extent  of  the  absorption 
process.  If  such  is  the  case  the  objective  of  promoting  better 
skin  therapy  should  be  to  design  a  preparation  for  a  given 
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drug  which  would  afford  maximum  release  of  the  drug  to  the  sur¬ 
face  of  the  skin,  maximum  intracutaneous  absorption  and  min¬ 
imum  systemic  absorption.  The  formulation  factors  which  influence 
drug  absorption  by  each  phase  must  be  identified,  however, 
before  such  a  goal  can  be  realized.  Unfortunately,  these  factors 
and  the  magnitude  of  their  effects  have  not  been  completely 
elucidated  as  evidenced  by  the  contradictory  results  too  fre¬ 
quently  reported  by  investigators  in  this  field. 

Some  of  this  controversy  probably  can  be  attributed 
to  the  many  methods  which  have  been  used  to  measure  percutaneous 
absorption,  most  of  which  must  be  considered  as  inadequate. 

This  is  particularly  true  for  measurements  of  intracutaneous 
absorption.  The  methods  used  to  measure  absorption  by  this 
phase  have  resulted  in  either  poor  reproducibility  or  in  only 
a  qualitative  estimation  of  the  amount  of  drug  absorbed.  To 
properly  evaluate  the  relative  effects  which  formulation  factors 
may  have  upon  intracutaneous  absorption,  a  quantitative  method 
of  measurement  is  required  which  would  be  sensitive  enough  to 
detect  any  changes  in  absorption  caused  by  these  factors.  An 
alternative  to  measuring  intracutaneous  absorption  would  be 
to  extrapolate  absorption  results  from  systemic  measurements  to 
represent  absorption  by  the  skin  tissues  as  well.  Such  extra¬ 
polation  would  be  valid  only  if  absorption  by  the  two  phases 
were  proportional  and  only  if  the  formulation  factor  being 
studied  influenced  absorption  in  both  phases  to  the  same  degree. 
Therefore,  the  validity  of  the  alternative  would  still  depend 
primarily  on  the  availability  of  a  quantitative  method  for 
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measuring  intracutaneous  absorption. 

A  theoretical  consideration  of  the  skin  barriers  to 
drug  penetration  and  of  the  mechanisms  by  which  a  drug  may  over 
come  these  barriers  indicates  that  the  rate  and  extent  of  drug 
absorption  by  the  systemic  phase  may  not  adequately  measure 
absorption  by  the  intracutaneous  phase.  Similarly,  a  survey 
of  the  methods  used  to  measure  percutaneous  absorption  indicate 
that  an  adequate  method  providing  quantitative,  reproducible 
measurements  of  intracutaneous  absorption  has  not  yet  been 
developed . 
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LITERATURE  SURVEY 

A.  Factors  Encountered  in  Percutaneous  Absorption 

One  of  the  primary  functions  of  the  skin  is  that  of 
protection  (1,2,3).  It  serves  this  function  well  by  preventing 
the  undesirable  loss  of  body  fluids  to  the  environment  while 
at  the  same  time  resisting  the  entry  into  the  body  of  harmful 
light  rays,  microorganisms  and  physical  and  chemical  agents 
from  the  external  environment.  The  defence  mechanisms  of  the 
skin  against  foreign  substances  become  of  particular  interest 
in  dermatological  therapy  since  the  barriers  to  penetration  of 
toxic  chemical  molecules  are  similarly  effective  against  the 
penetration  of  drug  molecules  intended  for  beneficial  therapy. 

An  understanding  of  the  nature  of  such  barriers  therefore 
becomes  essential  to  the  formulator  of  dermatological  prepar¬ 
ations.  Attempts  must  be  made  to  modify  or  by-pass  these  barriers 
with  the  formulation  so  that  a  maximum  concentration  of  drug 
can  be  promoted  within  the  skin  without  significantly  disrupting 
the  normal  defensive  mechanisms. 

Anatomy 

The  skin  may  be  considered  as  consisting  of  two  basic 
layers,  the  epidermis  and  the  dermis  (3,4)  (Figure  1). 

Although  they  are  physically  joined  by  a  membrane  at  the 
dermatological  junction  the  anatomical  characteristics  of 
these  two  layers  differ  significantly  as  might  be  expected 
since  they  have  different  embryonic  origins  (3,4).  The 
epidermis  which  is  much  thinner  than  the  derm.is  at  maturity 
is  derived  from  the  embryonic  ectoderm  while  the  dermis 
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Figure  1.  Anatomical  zones  encountered  in  percutaneous 
absorption  (from  Griesemer,  R.D.,  Soc . 
Cosmetic  Chemists,  11,  80  (I960)). 


FoiUcfe 


Nerves 


p 


Jt*>  *-■ 


^  -‘l 


• .'. 


s  V 


J  t 


.  'A 


'Id 


^ '■ 
•  *  *  V  I  *  rh  ».  * 

'."ii 


v.L  \.r^}  S.  -U-  V.tWV  i  * 


^s*-'  -  ■ 


1.  ■  c'” ; 


J.;-;:  Ul-  V 

' ,  *  '  ■  Ji  * 


:» • 


,  "'r  4‘‘ 

1^. 

V 

'i^  -'  ■' 

^  ‘'^'L 

■ .» <#  yv.  ' 

Cl  ■'.'•< ' 

».:;t  ;i  t!i..,<:’ 


“i 


r’i  :■•:’*  ■ 


:'J  .  Ui-.-xi  ■  _ _ _  , 

■'v:'/  :'4,  r- v*’ .  .v-  ^  ‘ 


N 


*  '  '  11*^  ^  y:-  ■■  ..-■  .k'VAr  #r'K^  ,  /iftm 


Il  .  i*  * 


1K.'< 


H  »  _  . 


X^LIu'^ 


r.  I  Tf  f  ... 

'  *  ^  m'  \ 

'  i. 


6 


originates  in  the  mesoderm.  The  combined  thickness  of  the 
two  varies  from  about  0.5  mm  to  approximately  4  mm  depending 
largely  on  which  part  of  the  body  they  are  located  (4,5). 
These  two  segments  rest  upon  subcutaneous  fat  which  is 
occasionally  referred  to  as  the  hypoderm  (3) .  There  is  no 
membrane  delineating  a  division  between  the  dermis  and  the 
fat  tissue  (6).  The  connection  of  the  dermis  to  the  sub¬ 
cutaneous  fat  is  effected  by  bundles  of  dermal  fibers  extend¬ 
ing  down  into  the  fat  in  irregular  patterns.  Subcutaneous 
fat  is  not  considered  as  a  part  of  the  skin  proper  (4) . 
Basically  it  serves  as  a  support  for  the  skin  and  anchors 
the  skin  to  the  body. 

The  epidermis  is  the  major  portion  of  the  skin  involved 
in  protection  against  entry  by  foreign  substances  (7). 

It  may  be  classified  as  consisting  of  five  layers,  the  stratum 
corneum  which  is  the  horny  surface  layer,  the  stratum  luc- 
idum,  the  stratum  granulosum,  the  stratum  spinosum  and  the 
stratum  germinativum  which  is  located  immediately  above  the 
dermis  (8).  Just  as  the  epidermis  is  believed  to  be  the 
external  protective  division  of  the  skin,  so  is  the  stratum 
corneum  accepted  as  the  external  protective  layer  of  the 
epidermis  (5) .  It  is  made  up  of  lipids  and  dead  cells 
consisting  largely  of  keratin,  a  hygroscopic,  sulfhydryl- 
containing  protein  (1) .  This  combination  presents  a 
rugged  shield  against  foreign  invaders.  The  dead  cells 
and  lipids  are  regularly  sloughed  off  as  the  intercellular 
cement  connecting  the  cells  disintegrates.  To  maintain  this 
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defensive  layer,  therefore,  new  cells  must  be  produced  to 
replace  those  lost.  Since  the  cells  of  the  stratum  corneum 
are  dead  they  cannot  regenerate  themselves  and  must  be 
replaced  from  epidermal  layers  below.  Cells  of  epidermis 
develop  and  multiply  in  the  deepest  of  the  epidermal 
layers,  the  stratum  germinativum  (9,  10) .  As  multiplication 
in  this  region  continues  the  cells  are  gradually  pushed 
up  into  succeeding  layers  where  the  process  of  keratiniz- 
ation  progressively  develops  until  dead  keratin  cells  appear 
in  the  stratum  corneum.  With  the  exception  of  the  palms 
of  the  hands  and  the  soles  of  the  feet,  the  epidermis  is 
approximately  60  to  100  microns  thick  on  most  parts  of  the 
body.  In  these  areas  the  stratum  corneum  itself  may  reach 
a  thickness  of  as  much  as  600  microns  (5) .  The  surface  of 
the  skin  is  interrupted  by  hair  follicles  and  sweat  gland 
ducts.  A  lipid  surface  film,  composed  of  sebum,  sweat 

and  desquamating  stratum  corneum,  is  weakly  acidic  in 

/ 

nature  and  is  therefore  referred  to  as  the  "acid  mantle"  of 
the  skin  (11) .  This  mantle  has  been  claimed  to  have  bac¬ 
teriostatic  characteristics,  probably  due  to  the  fatty 
acids  in  the  sweat  and  sebum  on  the  surface  of  the  skin  (12) . 

Unlike  the  differentiating  cell  layers  of  the  epider¬ 
mis  the  dermis  is  made  up  chiefly  of  inert  fibrous  tissues. 
Collagen  fibers,  elastin  fibers  and  relatively  few  living 
cells  are  packed  together  in  a  ground  substance  consisting 
primarily  of  mucopolysaccharides  (6) .  The  dermis  is 
regarded  as  having  two  layers  with  no  clearly  defined 
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separation.  The  upper  portion  of  the  dermis  projects  into 
the  epidermis  in  cone-like  papillae.  This  region  is  known 
as  the  papillary  layer  while  the  region  directly  below  is 
referred  to  as  the  reticular  layer  because  of  the  denser 
network  of  fibers  present  (13) .  The  fibrous  nature  of 
the  dermis  lends  to  it  a  flexibility  which,  along  with  the 
subcutaneous  fat,  provides  support  for  the  epidermis  and 
also  permits  lateral  movement  for  the  skin.  Hair  follicles 
are  developed  by  the  invagination  of  the  epidermis  into 
various  depths  of  the  dermis  or  subcutaneous  fat  (14).  A 
matrix  of  cells  forms  at  the  base  of  the  follicle  which 
gives  rise  to  the  hair  bulb  and  eventually  the  hair  shaft. 
Although  the  hair  follicle  extends  into  the  dermis  and 
occasionally  as  deep  as  the  fat  tissue  it  should  be  remem¬ 
bered  that  the  continuous  external  sheath  around  the  follicle 
is  of  epidermal  origin  and  nature.  This  epidermal  sheath 
becomes  thinner  around  the  deeper  follicular  regions  and 
gradually  loses  some  of  its  epidermal  characteristics.  The 
keratinized  stratum  corneum  in  particular  disappears  accord¬ 
ing  to  Odland  (15) ,  approximately  200  microns  below  the 
surface  of  the  skin.  Located  adjacent  to  and  continuous 
with  many  hair  follicles  are  sebaceous  glands.  Like  hair 
follicles  they  are  also  contained  within  an  epidermal  sheath. 
These  glands  produce  sebum  which  lubricates  the  hair  follicle 
and  is  present  in  the  lipid  film  on  the  surface  of  the 
epidermis.  Sebum  is  a  lipid  substance  composed  chiefly  of 
free  fatty  acids  and  glycerides  (16,  17) .  Sebaceous  glands 
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are  not  distributed  uniformly  over  the  body  and  their  activity 
differs  according  to  the  body  distribution.  Another  skin 
appendage  that  must  be  considered  is  the  sweat  gland.  The 
eccrine  sweat  glands  are  of  more  interest  in  percutaneous 
absorption  than  are  the  larger  apocrine  glands  because  they 
are  located  throughout  most  of  the  skin  area.  The  apocrine 
glands  are  found  only  in  regions  such  as  the  axilla,  the 
external  auditory  meatus,  the  eyelids,  the  anogenital  sur¬ 
faces  and  the  nipple  of  the  breast  (18) .  The  coiled  main 
body  of  the  eccrine  sweat  gland  is  located  in  the  dermis. 

A  duct  extends  upward  from  this  coil  through  the  skin  and 
opens  onto  the  surface.  The  aqueous  secretions  from  these 
glands  make  up  a  major  portion  of  the  "acid  mantle"  (12) . 

The  circulatory  system  of  the  skin  is  primarily  in¬ 
volved  in  the  second  phase  of  percutaneous  absorption. 

Blood  is  supplied  to  the  skin  from  a  major  network,  the 
rete  cutaneum,  located  in  the  subcutaneous  tissue  (19) . 
Vascular  branches  passing  upward  from  this  network  pass 
through  the  dermis  and  around  the  various  appendages.  Cap¬ 
illary  beds  surround  the  bulbs  of  the  hair  follicles  and 
the ' sebaceous  and  sweat  glands.  They  also  form  a  network 
immediately  below  the  epidermis  to  supply  the  cells  of  the 
stratum  granulosum.  The  main  body  of  the  dermis  is  supplied 
only  very  sparingly  with  capillaries  (19) .  The  lymph 
circulation  runs  parallel  to  the  blood  supply.  It  orig¬ 
inates  in  the  papillar,  glandular  and  follicular  regions 
and  joins  the  venous  system  near  the  heart  (20) .  It  has 
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been  proposed  that  drug  molecules  whose  molecular  size  is 
too  large  for  passage  through  the  blood  vessel  walls  are 
carried  away  systemically  by  the  lymphatics  (1) . 

2.  Barrier  Characteristics 

Although  there  is  general  agreement  among  investigators 
regarding  the  effectiveness  of  the  barriers  of  the  skin  to 
percutaneous  absorption,  there  are  diversified  opinions 
as  to  the  exact  location  of  such  barriers  and  the  mechanisms 
by  which  they  function.  Lipoidal,  electrical,  physical  and 
aqueous  barriers  have  all  been  proposed  to  exist  throughout 
the  skin. 

The  lipid  film  on  the  surface  of  the  skin  and  lipids 
in  the  superficial  tissues  of  the  epidermis  might  be  expected 
to  combine  in  forming  a  lipoidal  barrier.  Depending  on  the 
effectiveness  of  such  a  barrier  the  absorption  of  lyophilic 
molecules  would  be  enhanced  through  this  region  while  the 
absorption  of  hydrophilic  molecules  would  be  resisted.  It 
is  believed  that  the  lipids  in  the  epidermis  do  play  an 
important  role  in  this  respect  (1,2,21).  However,  as  both 
Rothman  (22)  and  Malkinson  (23)  have  pointed  out,  the  im¬ 
portance  of  the  surface  film  as  a  lipoidal  barrier  is 
probably  over-emphasized.  The  continuous  sloughing  off  of 
keratin  and  the  presence  of  emulsifiers  such  as  cholesterol 
in  the  sebum  likely  result  in  the  surface  film  being  a 
discontinuous  film  rather  than  an  occlusive  barrier. 

The  "major  barrier"  to  percutaneous  absorption  is 
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believed  to  exist  between  the  surface  film  and  the  stratum 
granulosum.  This  barrier  was  first  reported  by  Rein  (24) 
who  depicted  it  as  a  zone  between  the  stratum  corneum  and 
stratum  granulosum.  Other  workers  (25,26,27)  concurring 
with  this  concept  narrowed  its  location  to  the  base  of  the 
stratum  corneum.  This  philosophy  has  led  to  the  stratum 
lucidum  being  occasionally  referred  to  as  the  "barrier  zone" 
(28).  Studies  by  Monash  (29),  Monash  and  Blank  (30),  and 
Lawler,  Davis  and  Griffiths  (31) ,  however,  indicate  that  the 
complete  stratum  corneum  may  function  as  the  barrier.  The 
proposed  mechanisms  by  which  this  area  serves  as  a  barrier 
also  vary.  Rein  (24)  originated  the  concept  of  the  barrier 
being  electronegative,  thereby  attracting  cations  and 
repelling  anions.  Tregear  (2)  on  the  otherhand  conceived 
the  resistance  of  the  barrier  to  be  a  physical  property  of 
the  dead,  keratinized  cells  in  the  stratum  corneum.  The 
effectiveness  of  this  barrier  zone  appears  to  vary  over 
different  parts  of  the  body.  For  example.  Smith  (32) 
reported  that  some  compounds  penetrate  through  scrotal  skin 
more  readily  than  through  abdominal  skin  in  humans.  It  has 
bedn  proposed  that  drugs  which  enter  the  follicular  canals 
and  sebaceous  glands  penetrate  into  the  skin  more  readily 
than  those  which  penetrate  only  from  the  surface  (33,34,35). 
The  absence  of  stratum  corneum  in  part  of  the  epidermal 
sheath  surrounding  the  walls  of  these  appendages  (15) 
might  preclude  the  presence  of  a  "major  barrier"  like  the 
one  which  exists  on  the  surface  of  the  epidermis.  The 
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work  of  Tregear  (36),  however,  showed  that  on  pigs  the 
hair  follicle  was  no  more  penetrable  than  an  equivalent 
area  of  epidermis  on  the  living  skin. 

Once  the  penetrating  molecule  passes  through  the  lip- 
oidal  and  "major"  barriers  it  would  next  encounter  the 
living  epidermal  and  dermal  layers  respectively.  This 
region  has  been  referred  to  as  the  aqueous  barrier  due  to 
the  increased  water  content  of  the  tissues  here  as  compared 
to  that  in  the  stratum  corneum  (37) .  On  this  basis,  the 
absorption  of  molecules  which  have  little  affinity  for 
water  would  be  expected  to  be  retarded  by  this  area.  Hydro¬ 
philic  compounds  on  the  otherhand  would  be  expected  to 
readily  diffuse  through  these  tissues  and  into  the  blood 
stream . 

From  the  work  reported  it  would  appear  that  a  drug 
penetrating  into  and  through  the  skin  may  be  subjected  in 
turn  to  a  lipoidal  barrier,  a  "major  barrier"  zone  and  an 
aqueous  barrier.  In  healthy  skin,  the  effectiveness  of 
each  respective  barrier  in  resisting  the  penetration  of  a 
given  drug  probably  will  be  determined  by  the  physical  and 
chemical  properties  of  the  drug  molecule  (1) . 

B.  Mechanisms  of  Percutaneous  Absorption 

The  mechanism  of  the  percutaneous  absorption  of  a  drug 
may  be  interpreted  as  the  processes  involved  in  effecting  the  pen¬ 
etration  of  a  drug  into  the  intracutaneous  and  systemic  phases. 
Although  these  processes  have  not  been  clearly  defined  (34,38) 
there  appears  to  be  general  agreement  that  drugs  are  absorbed 
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percutaneously  by  passive  diffusion  (2,37)  and  that  the  degree 
of  absorption  is  primarily  a  function  of  the  combined  proper¬ 
ties  of  the  drug  preparation  and  of  the  skin  (1,37,39).  Of 
major  importance  in  the  present  study  is  whether  the  processes 
responsible  for  intracutaneous  and  systemic  absorption  are  the 
same.  If  they  should  prove  to  be  different  then  the  relative 
absorption  by  the  two  phases  might  be  expected  to  differ  as 
well.  This  situation  would  support  the  need  for  measuring  the 
absorption  by  each  phase  individually.  Although  no  published 
work  could  be.  found  which  showed  that  the  mechanisms  of  intra¬ 
cutaneous  and  systemic  absorption  were  either  similar  or 
different,  a  theoretical  treatment  of  the  subject  suggests 
that  absorption  by  the  two  phases  might  be  expected  to  differ 
in  certain  situations. 

There  appears  to  be  general  agreement  that  the  routes 
by  which  drug  molecules  can  be  absorbed  percutaneously  are 
through  the  intact  epidermis  ( transepidermal )  and  through  the 
skin  appendages  (2,34,37,38).  These  potential  avenues  have 
been  presented  by  Griesemer  as  shown  in  Figure  2  (1) . 

POSSIBLE  AVENUES  OF  PENETRATION  INTO  AND 
THROUGH  THE  UNBROKEN  SKIN 


Figure  2.  From  Griesemer,  R.D., 
11,  81  (1960)  . 
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Transepidermal  absorption  requires  that  the  drug 
encounter  the  surface  film,  and  then  progress  through  the 
intact  epidermis  and  part  of  the  dermis  respectively  before  it 
reaches  the  blood  vessels.  There  are  niamerous  supporters  for 
this  route  being  the  major  pathway  for  absorption  (1,26,40,41). 
Other  workers  have  demonstrated  that  absorption  can  also  occur 
through  the  walls  of  hair  follicles  and  sebaceous  glands  (42, 
43,44).  The  role  of  sweat  ducts  and  glands  in  transappendageal 
absorption  is  more  controversial.  Rein  (45),  Abramson  and  Gorin 
(46)  and  Abramson  and  Engle  (47)  supported  the  sweat  ducts  as  an 
avenue  for  penetration  but  other  investigators  (42,48,49)  have 
discounted  their  effectiveness  in  this  respect.  The  consensus 
appears  to  be  that  the  hair  follicles  and  sebaceous  glands 
(pilosebaceous  apparatus)  are  the  most  probable  path  of  entry. 
Drugs  penetrating  into  the  skin  through  the  pilosebaceous  appar¬ 
atus  must  encounter  in  turn  the  sebum  in  the  follicles  and 
glands,  the  epidermal  walls  of  the  appendages  and  varying  degrees 
of  dermal  tissue  before  reaching  the  blood  vessels.  Both  the 
transepidermal  and  pilosebaceous  avenues  are  usually  available 
to  topically  applied  preparations.  It  is  likely  that  the 
relative  importance  of  one  over  the  other  as  the  major  route 
of  entry  for  a  specific  drug  preparation  would  be  determined 
by  the  chemical  and  physical  properties  of  the  drug  and  the 
type  of  vehicle  in  which  it  was  presented  (16,37,38).  The 
important  feature  of  these  two  routes  with  regard  to  intra- 
cutaneous  and  systemic  absorption  is  that  drug  absorption  by 
both  phases  can  be  realized  since  living  epidermal  and  dermal 
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tissues  as  well  as  blood  vessels  are  common  to  both  pathways. 

Mathematical  relationships  predicting  the  effects  of 
formulation  and  biological  factors  on  percutaneous  absorption 
have  been  presented  by  Higuchi  (37).  This  theoretical  treat¬ 
ment  of  the  processes  believed  to  be  involved  in  absorption 
also  included  a  consideration  of  the  relative  distribution  of 
drug  in  various  parts  of  the  skin  after  absorption  from  diff¬ 
erent  systems.  For  this  reason  the  above  reference  was  used 
in  the  present  discussion  as  a  basis  for  postulating  situations 
where  systemic  absorption  may  not  be  proportional  to  intracut- 
aneous  absorption. 

The  location  of  the  rate  determining  step  to  the 
absorption  of  a  drug  from  a  topically  applied  vehicle  into  and 
through  the  skin  basically  differentiated  the  relationships 
presented  by  Higuchi  (37) .  In  the  first  situation  considered, 
the  rate  determining  step  to  absorption  occurred  across  the 
"major  barrier"  of  the  skin.  Assuming  that  the  drug  passed 
through  the  absorption  steps  by  passive  diffusion  and  that  the 
vehicle  containing  the  drug  did  not  appreciably  affect  the 
skin,  Higuchi  (37)  developed  the  following  approximate  relation¬ 
ship  for  an  idealized  system  between  the  steady  state  rate  of 
penetration  across  the  "major  barrier"  and  the  properties  of 
a  fairly  water  soluble  drug: 

dq  _  (P.C.)  (Cone,  of  Drug) DA  (Eq.  1) 

dt  L 

where :  ^  =  the  rate  of  penetration  across  the  barrier; 

dt 
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•P.C.  =  the  effective  distribution  coefficient  of  the 
drug  between  the  vehicle  and  the  barrier. of 
the  skin; 

Cone,  of  Drug  =  the  concentration  of  drug  in  the 

vehicle; 

D  =  the  diffusion  coefficient  of  the  drug  in  the 
barrier  phase; 

A  =  the  plane  of  area  across  which  diffusion  is 
occurring ; 

L  =  the  thickness  of  the  barrier  phase. 

He  showed  that  this  equation  may  also  be  expressed  in  terms  of 
the  thermodynamic  activity  of  the  drug  in  the  vehicle: 

dq  _  a  DA  (Eq.  2) 

dt  7  L 

where : 

a  =  the  thermodynamic  activity  of  the  drug  in  the 
vehicle; 

y  =  the  effective  activity  coefficient  of  the  drug 
in  the  skin  barrier  phase. 

The  activity  gradients  of  drug  resulting  in  the  vehicle  and 
the  skin  when  the  rate  determining  step  to  absorption  occurs 
across  the  "major  barrier"  were  schematically  presented 
as  in  Figure  3.  This  relationship  indicates  that  the  vehicle 
can  provide  the  drug  fast'er  than  the  carrier  can  accept  it 
and  that  the  lower  tissues  can  accept  virtually  all  of  the 
drug  which  the  barrier  permits  to  pass.  The  lower  tissues 
referred  to  in  this  case  are  the  epidermal  and  dermal  tissues 
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Depth  of  Penetration 


Figure  3:  Schematic  diagram  showing  changes  in  drug  activity 
at  different  depths  of  penetration  (as  adapted 
from  Higuchi  (37) )  . 


and  the  blood  vessels.  Therefore  the  relative  distribution  of 
penetrating  drug  among  these  tissues  would  determine  whether 
intracutaneous  and  systemic  absorption  would  be  proportional  and 
whether  absorption  by  either  phase  would  approximate  absorption 
as  predicted  by  equation  2.  If  the  majority  of  drug  penetrating 
through  the  barrier  should  be  removed  by  the  blood  as  suggested 
by  Scheuplein  (38)  or,  conversely,  if  the  penetrating  drug 
initially  accumulates  in  the  epidermal  and  dermal  tissues 
before  reaching  the  blood  supply  as  was  indicated  by  the  work 
of  Treherne  (21) ,  absorption  by  the  systemic  and  intracutaneous 
phases  would  not  be  expected  to  be  proportional.  If  one 
phase  were  to  receive  most  of  the  penetrating  drug  in  either 


■  '■  4  -'p  * 


*  r  » 


I,  -W 


'f 


•,  ,  ,  -  VI  -  ; 

»  i  .,  >-  -s»  4_i ’ 

'.1'  'j  4 . 

V  %  >,>  -(>  -  oj. 


'3^ 


'imi  >  ^.  r‘ 

';^>  f.  ■ 


i  *^1 


'i  ■  'V. 

I.  «5  u 

■  •■  V',-  ' 


'  ,»v  '  •  ’  ’'■  *'  t"  .  j 

usqa^jb  I  ■j'oii'SfiCf  I  sXoirfev 

;  2aDaa.iL:t  I 


•j  :• 


‘4:  ^ 

.  ‘  *v. 


— 


'rwt 


J  „  V 


J.^{ 

.«/  vV 

-'4 


*H 


,,  guia 
^:tivx:foA 

.*2  »l 


Tt,‘**  ■ 


>»  '  1 


ftolisiidn!^'?  lo  rfiqaCl 


.  V' 


. 


•iC#  i 


&'*L*  ^  .^41 


»f  ■ 

, -.  '  \  4  *l''r 


V 


7.  V- 


’^J^ivxioB  vjpi/'ib'inl  aa^rt^rfo  pniworis  niB'xijBlb  oJcJ^B/narioS  5€  siupiU 
•’  "  ba:tqBbe  bb)  ‘rtoii6T:t9n9q  io  ari^qab  :t/ioitd511b  in'  ^3Si  '"r  rf] 

’  ^  ^ .  -  .  ( ( .irioijpxtt  iBo;t5 ,  ^  ^  ^  .if  -1  , 


14  .  >  ‘ 

i  "' 


'•-vl 


^ . 

r*  . 


».  • . 


,.  i 


,1 


-A/; 


■  J  ,. . 


ri  .»  'i  '^'  'i' 

\  *\  y  .■?- 

s'; 


i  ’ '  A. 


>  * 


io  rrol:)udx'3.'t8ib  avx:JBls‘S  srii  9:toi9i9riT  .alasaev  boold  arid  bn* 

,  _y  -  t  S  -  •«'  •  -  **► 


'*  *  f‘'\p  '*  "  '  ■^-  '-■■  ~  rj'-i''  '  '  .  '•”  ***  '  '  ii 

Taridsriw  srximaadefa  blnow  eaueaxd  aearid  pnomi^  puib  pnids'idsnsq  ^ 


.  8*  ♦^j-  ^  ^  ^ 

bn*  Isrtoxdioqo'iq  sd  blwow  noldq^ioad*  oimsiaY*  bn*  ai/09n*di;o*‘jPdnx  '■^t 

•  •  _r^  -  -**  ^  ^  . 

noxdqioad*  sdBmxxo'iqq*  blnow  saBriq^/iaridie  ijfd  noxdq'ioad*  ^srfdariw 
paxisidsnoq  pu^b  ^o  ^diiotani  9rid^  dl  *S’‘  noxdsup*  ^cd  badoxba^Eq  s* 

urn.  :  V  "'■.  -'■  ’^-  '  ‘-  •  ,-iJa 


^  .-.  ;  “Vi  -  '•■  .  .,-  •  ^  .^5i.., 

b9d89pp£;3  a*  boold  drid  bsvo/nei  sd  bXooria  "xsxnfid  ©rid' rtpuo^irfd 


■»  ■•’* 


poib  pnxde-Jdensq  ©rid  li  ^YXbaifivnoi  %:iO  {8£)  nl9X<il;9rfo3  ^ 


h't  t  . 

"S 


^''3' 


V 

n  > 


‘r. 


-^©uaaxd  lennob  bn*  X*nii©bxqo  ©rid  nx  aoitelnmnoo* 

■I  '  v,  ■  “ 


n 


>.- 


^xow  arid  vd  badfioibni  eew'e*  YXqqwa?  boold  erid  pniriofiex  e^isd 

•  >  *,  .  »'  «i  . 


BJJoansdnofiXdrti  bn*  ox®9d8Y®  ©rid  y^  npxdqdoad*  « (X£)  ^^sn'XoriS'xT  io 

Vg*''".  ■■  ''■.  .t'5'^  I*.  i-t'  •-’  ’’'''i.,:  tf  k’  '  ^ 

il»  .  iBfioxd.xoqoti^  9cl*qd  badoaqxe  ©d  dort  bXwow  a©**^ - 


i  ■•/ 


‘/ali  ^  •  ■,..  •  u  - 

laridxs  ni  pnib  ^axdfi-xdsrtoq  ©rid  5o  daom  9vx909i  od  o:i9W  eeBrtq 

'J  ’  '. .  ,-  ’  -r,  >j 


-■‘j 


S;, 


> 


■><1 

/fi.:.»  ’  TV 


b' 


18 


of  these  situations  it  would  seem  reasonable  to  assume  that 
absorption  by  that  phase  would  best  agree  with  the  absorption 
as  predicted  by  equation  2.  A  problem  in  extrapolating  absorp¬ 
tion  data  from  one  phase  to  another  in  situations  such  as 
postulated  above  may  be  exemplified  by  the  work  of  Carson  and 
Goldhamer  (50).  These  investigators  found  that  upon  emulsifying 
tritiated  water  the  absorption  of  the  water  by  skin  tissues  was 
increased  considerably  over  that  of  non-emulsif ied  water.  The 
effect  of  emulsification,  however,  decreased  the  absorption  of 
the  tritiated  water  by  the  blood.  Therefore,  an  interpretation 
of  the  effect  of  emulsification  upon  percutaneous  absorption  by 
blood  measurements  alone  would  have  resulted  in  an  erroneous 
conclusion  of  reduced  absorption.  Since  the  "major  barrier" 
has  been  demonstrated  to  be  the  rate  determining  step  to  the 
percutaneous  absorption  of  water  (25,43),  these  results  would 
appear  to  support  the  need  for  intracutaneous  as  well  as  sys¬ 
temic  absorption  measurements  of  all  compounds  whose  absorption 
is  similarly  limited  by  this  region. 

Higuchi  (37)  also  predicted  that  the  rate  determining 
step  to  the  percutaneous  absorption  of  a  drug  may  develop  in  the 
applied  vehicle  when  the  drug  is  dispersed  throughout  the  prep¬ 
aration  in  a  finely  suspended  form.  According  to  this  theory 
the  rate  at  which  drug  is  released  from  the  vehicle  would  be 
less  than  the  rate  at  which  the  skin  could  absorb  the  drug 
and  the  critical  absorption  gradient  would  be  in  the  vehicle 
as  shown  in  Figure  4.  On  this  basis,  Higuchi  (51)  derived 
the  following  equation  describing  the  variables  affecting  the 
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Depth  of  Penetration 


Figure  4:  Schematic  diagram  showing  activity  gradient  when 
the  rate  determining  step  is  in  the  vehicle 
(as  adapted  from  Higuchi  (37)). 


rate  of  release  of  solid  drugs  suspended  in  a  vehicle: 


^  ^  1/2 
dt 
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D(2A  - 


C  )C 
s  s 


(Eq.  3) 


where : 

dq  _  the  rate  of  drug  released  per  unit  area  of 

dt  ^ 

surface  exposure; 

A  =  the  total  concentration  of  drug  in  the  vehicle 

(suspended  and  dissolved  drug) ; 

C  =  the  solubility  of  the  drug  in  the  external  phase 
s 

of  the  vehicle; 

D  =  the  diffusion  constant  of  the  drug  molecule  in 
the  external  phase  of  the  vehicle; 
t  =  the  time  at  which  the  amount  of  drug  released  is 
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determined . 

The  derivation  of  this  equation  involved  the  following  basic 
assumptions : 

(a)  the  size  of  the  suspended  drug  particles  are  much 
smaller  in  diameter  than  is  the  thickness  of  the 
applied  vehicle; 

(b)  the  total  amount  of  drug  (A)  per  unit  volume  of 

vehicle  is  much  greater  than  is  the  solubility  of 

drug  (C  )  per  unit  volume; 
s 

(c)  the  surface  to  which  the  preparation  is  applied 
functions  as  a  perfect  sink  for  the  released  drug. 

For  the  case  where  there  was  much  more  solid  drug  present 

than  required  to  saturate  the  external  phase  of  the  vehicle 

(A^C  )  ,  it  was  shown  that  equation  3  could  be  simplified  to 
s 


(Eq.  4) 


Since  the  skin  probably  does  not  function  as  a  perfect  sink, 
intracutaneous  and  systemic  absorption  measurements  would  not 
be  expected  to  agree  initially  with  the  rate  of  release  and 
consequently  the  rate  of  absorption  predicted  by  equation  4 . 
However,  once  the  rate  of  drug  penetration  across  the  "major 
barrier"  reaches  a  steady  state  (Figure  4),  absorption  by  the 
lower  tissues  should  approximate  the  value  predicted.  Whether 
absorption  by  the  intracutaneous  and  systemic  phases  would  be 
proportional  and  whether  absorption  by  either  phase  would 
agree  with  the  absorption  predicted  by  equation  4  would  depend 
again  on  the  relative  affinity  of  the  penetrating  drug  for 
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each  phase.  There  is  evidence  that  absorption  by  the  two 
phases  of  a  drug  suspended  in  systems  such  as  described  by 
equation  4  was  not  proportional.  Intracutaneous  absorption  as 
determined  by  Plein  and  Plein  (52)  indicated  that  salicylic 
acid  was  absorbed  to  a  greater  extent  from  a  petrolatum  oint¬ 
ment  than  from  an  absorption  base.  Plasma  measurements,  how¬ 
ever,  showed  that  salicylic  acid  was  probably  absorbed  system- 
ically  to  a  greater  extent  from  the  absorption  base  than  from 
the  petrolatum  ointment. 

The  relationship  of  variables  considered  to  influence 
percutaneous  absorption  such  as  developed  by  Higuchi  (37)  may 
be  used  by  formulators  as  a  guide  for  designing  drug  prepar¬ 
ations  which  would  enhance  optimum  absorption.  The  value  of 
such  a  theoretical  guide,  however,  should  be  verified  by 
experimental  studies.  Furthermore,  since  there  appears  to  be 
reasonable  doubt  as  to  whether  the  proposed  variables  would 
affect  intracutaneous  and  systemic  absorption  to  the  same  degree, 
these  experimental  studies  should  be  undertaken  for  both 
phases.  The  accuracy  of  such  an  evaluation  could  be  expected 
to  depend  on  the  degree  of  sensitivity  of  the  methods  available 
for  measuring  absorption. 

C.  Methods  of  Measuring  Percutaneous  Absorption 

The  objective  of  measuring  percutaneous  absorption 
should  be  to  obtain  a  quantitative  evaluation  of  the  rate  and 
extent  of  penetration  by  a  topically  applied  drug  into  and 
through  the  skin.  Since  the  degree  of  absorption  in  both  the 
intracutaneous  and  systemic  phases  are  of  interest  in  dermat- 
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ological  therapy,  absorption  by  both  phases  should  be  measured, 

A  variety  of  methods  for  measuring  percutaneous  absorption  has 
been  used  with  varying  degrees  of  success.  These  methods  are 
presented  in  the  following  discussion  according  to  the  absorp¬ 
tion  phase  which  they  measure. 

In  vitro  Methods 

All  procedures  using  inanimate  media  for  measuring 
absorption  may  be  classified  as  in  vitro  methods.  The  most 
popular  approaches  to  such  measurements  have  been  to  determine 
drug  release  from  a  vehicle  either  into  a  medium  such  as  agar 
gel  or  through  a  medium  such  as  cellulose  film.  Models  dev¬ 
eloped  by  Wood,  Rising  and  Hall  (53)  and  by  Billups  and  Sager 
(54)  appear  to  be  satisfactory  for  measuring  the  release  of 
a  drug  by  a  vehicle  and  consequently  the  effect  of  formulation 
factors  which  might  influence  this  release.  They  are  inade¬ 
quate,  however,  for  evaluating  the  effect  which  such  factors 
may  have  on  the  subsequent  absorption  of  the  released  drug  by 
the  skin.  The  complex  chemical,  physical  and  biological  prop¬ 
erties  of  living  skin  preclude  adequate  simulation  by  in  vitro 
models  (55) .  Therefore,  it  is  felt  that  intracutaneous  and 
systemic  absorption  studies  must  be  performed  on  an  in  vivo 
basis . 

Systemic  Measurements 

A  quantitative  method  for  measuring  systemic  absorption 
should  be  capable  of  determining  the  rate  at  which  a  topically 
applied  drug  penetrates  into  the  circulatory  system  of  the  body. 
Methods  which  measure  penetration  into  this  phase  are  commonly 
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referred  to  as  methods  for  measuring  percutaneous  absorption. 

This  reference  is  unfortunate  since  it  may  imply  that  systemic 
absorption  measurements  are  also  representative  of  intracutaneous 
absorption.  A  review  of  such  methods  indicated  that  they  did 
not  necessarily  represent  intracutaneous  absorption.  In  some 
cases,  they  may  even  have  significant  limitations  as  quantita¬ 
tive  methods  for  measuring  systemic  absorption. 

The  appearance  of  pharmacological  effects  which  are 
characteristic  of  penetrating  drugs  is  one  method  which  has 
been  used  to  interpret  percutaneous  systemic  absorption.  Vas¬ 
odilation  (56) ,  vasoconstriction  (57) ,  degree  of  anesthesia 
(58,59),  reduction  in  pain  threshold  (60,61),  increased  blood 
pressure  (62) ,  convulsions  (63)  and  death  (64)  are  among  the 
responses  which  have  been  measured  to  determine  the  degree  of 
drug  penetration  through  the  skin.  There  are  limitations  to 
this  approach,  however,  as  a  quantitative  measure  of  systemic 
absorption.  The  most  obvious  limitation  is  that  the  absorption 
of  only  those  drugs  which  elicit  a  measurable  physiological 
response  can  be  studied  in  this  manner  (65) .  Furthermore,  even 
if  the  drug  is  capable  of  effecting  a  significant  response  the 
magnitude  of  such  a  response  is  difficult  to  calibrate  and 
quantitative  results  are  usually  replaced  by  a  yes-or-no  answer 
to  the  question  of  absorption  (55) .  Another  pitfall  to  this 
approach  may  be  encountered  if  the  drug  should  be  absorbed 
but  only  in  a  concentration  below  the  minimum  threshold 
required  to  register  a  response  (66)  .  Finally,  unless  the 
amount  of  drug  which  is  metabolized,  stored  and  excreted  is 
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known  relative  to  the  total  amount  which  penetrates,  a  quan¬ 
titative  evaluation  of  the  rate  of  systemic  absorption  by  this 
method  would  not  be  reliable  (65) . 

Perhaps  the  most  popular  procedures  used  to  measure 
systemic  absorption  have  been  the  analysis  of  blood  (67,68,69, 
70,71),  urine  (72,73,74,75,76)  and  target  organs  (77,78,79,80, 
81)  for  presence  of  the  penetrating  molecule.  If  the  drug 
should  be  selectively  absorbed  by  any  one  of  these  receptors 
on  its  route  through  the  body  or  if  it  should  produce  a  toxic 
reaction  specific  to  a  receptor,  analysis  of  the  receptor  for 
drug  content  becomes  important.  However,  caution  must  be 
exercised  in  accepting  the  drug  concentration  in  any  one  area 
as  an  estimate  of  total  drug  penetration  through  the  skin.  For 
example,  the  amount  of  drug  in  the  blood  at  any  given  time 
would  be  the  net  result  of  the  amount  which  had  entered  minus 
the  amount  which  had  been  removed.  To  be  representative  of  the 
quantity  of  drug  which  penetrated  through  the  skin,  therefore, 
the  blood  concentration  must  be  corrected  for  the  amount  of  drug 
which  may  be  stored  in  various  tissues,  metabolized  and  excre¬ 
ted.  Griesemer,  Blank  and  Gould  (82)  have  demonstrated  an 
approach  for  making  such  a  correction.  They  injected  a  known 
concentration  of  drug  intravenously  into  an  animal  and  then 
analyzed  the  blood  for  the  drug  after  various  time  intervals. 

In  this  manner  they  calibrated  the  animal  for  percutaneous 
systemic  absorption  studied.  They  compared  the  amount  of  drug 
which  left  the  blood  due  to  storage,  excretion  and  metabolism 
to  the  amount  of  drug  which  remained  in  the  blood. 
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An  alternative  to  correcting  for  such  variables  would 
be  to  study  drug  penetration  through  isolated  skin.  Treherne 
(21)  employed  a  method  in  which  excised  skin  was  placed  in  a 
cell  over  a  receptor  solution,  the  drug  preparation  was  applied 
to  the  surface  of  the  skin  and  subsequent  penetration  was 
measured  by  analyzing  the  receptor  solution  for  drug  content. 

A  modification  of  this  procedure  was  demonstrated  by  Ainsworth 
(65)  with  the  objective  of  more  closely  approximating  the 
dynamic  removal  of  the  penetrant  by  the  blood  vessels.  He  fac¬ 
ilitated  the  recovery  of  the  penetrating  substance  by  perfusing 
the  intact  blood  vessels  below  the  area  of  isolated  skin  with 
a  physiological  solution.  The  solution  passing  through  the 
vessels  was  then  sampled  periodically  for  the  test  substance. 

A  criticism  of  using  isolated  skin  in  perfusion  studies  could 
be  that  the  barrier  properties  of  isolated  skin  may  not  be 
the  same  as  those  of  intact  skin.  Reports  by  Tregear  (2) , 
Choman  (44)  and  Stoughton  (83)  suggest  that  this  criticism  is 
valid . 

Intracutaneous  Measurements 

Methods  for  measuring  intracutaneous  absorption  should 
be  directed  at  determining  the  amount  and  distribution  of 
drug  in  this  phase  at  various  time  intervals  rather  than  at 
the  rate  with  which  the  drug  penetrates  into  this  phase  for 
the  following  reason.  The  rate  of  entry  may  not  necessarily 
represent  the  amount  of  drug  in  the  living  epidermis  and  dermis 
since  some  drug  probably  will  pass  from  these  tissues  into 
the  circulatory  system.  The  concentration  and  distribution  of 
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drug  in  this  phase  are  important  if  it  is  assumed  that  the  primary 
objective  of  initiating  intracutaneous  absorption  is  to  achieve 
the  therapeutic  effect  of  the  drug  in  this  area.  A  major  ob¬ 
stacle  to  quantitating  drug  absorption  by  this  phase  is  in  the 
separation  of  the  drug  from  the  tissues  for  analysis.  This 
obstacle  may  be  overcome  largely  by  the  use  of  radioisotope- 
labeled  drugs  which  can  be  detected  in  the  tissues  without  sep¬ 
aration  (44).  Radioisotopes  are  also  advantageous  in  that  they 
offer  a  high  sensitivity  of  measurement  (84)  .  This  factor  is 
particularly  important  in  intracutaneous  absorption  investi¬ 
gations  where  the  amount  of  drug  absorbed  as  compared  to  the 
amount  applied  is  usually  very  small  (55) . 

Despite  the  advantages  offered  by  radioisotopes,  the 
methods  which  have  been  used  to  measure  intracutaneous  absorp¬ 
tion  with  this  technique  still  appear  to  have  limitations  in 
providing  quantitative,  reproducible  results.  Witten  (85), 
Malkinson  (86)  and  Ainsworth  (65)  ,  among  others,  have  studied 
the  penetration  of  radioactive-labeled  drugs  into  the  skin  by 
measuring  the  disappearance  of  radioactivity  from  the  surface. 
These  basic  procedures  involved  applying  the  labeled  drug  to 
the  skin,  counting  the  radioactivity  on  the  surface  with  a 
Geiger  counter  and  then  relating  the  decrease  in  surface  counts 
at  various  times  to  the  amount  of  drug  being  absorbed.  Sev¬ 
eral  shortcomings  prevent  this  technique  from  qualifying  as 
a  quantitative,  reproducible  method  for  measuring  intracutaneous 
absorption.  Variables  in  counting  the  radioactivity  on  the 
surface  may  produce  large  experimental  errors  in  this  pro- 
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cedure  (55) .  For  example  the  geometry  or  position  of  the  sub¬ 
ject  relative  to  the  counter  must  be  kept  constant.  A  small 
movement  by  the  subject  away  from  the  counter  would  result 
in  a  significant  decrease  in  registered  counts.  Such  a 
decrease  could  be  erroneously  interpreted  as  representing  an 
increase  in  absorption.  Since  the  amount  of  drug  which  pene¬ 
trates  into  the  skin  is  usually  much  less  than  that  present  on 
the  surface,  errors  of  this  nature  may  prevent  the  accurate 
measurement  of  absorption  (55) .  A  loss  of  radioactivity  from 
the  surface  could  also  result  from  the  drug  penetrating  into 
the  stratum  corneum  and  into  the  blood  system,  neither  of  which 
represent  intracutaneous  absorption  by  the  terms  of  reference 
previously  stated  (see  p.  1  ) . 

Histological  examination  of  skin  sections  for  the 
presence  of  absorbed  drug  also  has  been  a  popular  approach  to 
measuring  intracutaneous  absorption.  Strakosch  (87)  accepted 
keratolysis  in  such  sections  as  evidence  of  the  absorption  of 
salicylic  acid.  Although  this  method  may  be  effective  for 
determining  the  presence  and  depth  of  penetrant  in  the  skin 
it  does  not  pemit  a  quantitative  evaluation  of  absorption 
(55) .  Examination  of  skin  specimens  for  tracers  indicating 
drug  absorption  also  has  been  used.  Dyes  (88,89,90),  fluor¬ 
escent  compounds  (88,90)  and  radioactive  isotopes  (91,92,93) 
are  among  the  tracers  which  have  been  used  to  detect  drug 
molecules.  As  Blank  (55)  has  pointed  out,  however,  absorption 
data  from  studies  using  tracers  should  be  accepted  with 
caution  since  the  tracer  may  become  detached  from  the  drug 
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molecule  during  the  absorption  process  and  consequently  not 
be  representative  of  the  amount  of  drug  present.  Again^the 
use  of  stable  radioactive-labeled  drugs  has  largely  overcome 
this  problem  of  separation.  The  work  of  Choman  (44)  on  auto¬ 
radiography  exemplified  the  use  of  this  technique  in  invest¬ 
igating  the  absorption  of  drugs  by  the  skin.  Although  auto¬ 
radiography  provides  information  relative  to  the  depth  and 
route  of  penetration  it  has  not  been  demonstrated  as  yet  to  be 
more  than  a  qualitative  method  for  studying  intracutaneous 
absorption. 

The  most  logical  method  for  quantitatively  measuring 
intracutaneous  absorption  would  appear  to  be  analysis  of  skin 
tissues  for  drug  content.  Problems  complicating  this  appar¬ 
ently  simple  approach  have  to  date  precluded  the  development 
of  an  adequate  refinement  of  such  a  procedure.  Analysis  of 
the  complete  skin  specimen  exposed  to  the  drug  preparation 
introduced  the  question  of  whether  unabsorbed  drug  was  being 
measured  as  well  as  absorbed  drug.  Such  an  analysis  would 
include  a  measure  of  any  drug  present  on  the  surface  and  in 
the  dead  superficial  tissues  of  the  skin.  Under  these  con¬ 
ditions  the  data  obtained  would  not  present  an  accurate 
measurement  of  actual  absorption.  As  proposed  by  Plein  and 
Plein  (52)  a  solution  to  this  problem  would  be  to  thoroughly 
remove  the  unabsorbed  drug  before  analysis.  Even  if  this 
could  be  done  efficiently  the  vigorous  treatment  required  could 
influence  the  amount  and  depth  of  normal  drug  absorption.  In 
addition,  analysis  of  whole  skin  cannot  be  expected  to  present 
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a  picture  of  drug  distribution  throughout  the  tissues  concerned 
(55) .  On  this  basis,  this  approach  must  be  considered  to  be 
less  than  ideal. 

Blank  and  Gould  (94)  demonstrated  a  procedure  which 
they  claimed  overcame  the  difficulty  of  differentiating  between 
absorbed  and  unabsorbed  drug.  Refining  a  method  developed  by 
Flesch  (95)  they  separated  the  stratum  corneum,  the  remaining 
epidermis  and  the  dermis  in  hairless  skin  by  stripping  off  each 
successive  region  with  pressure-sensitive  tape.  This  procedure 
was  proposed  for  analysis  of  drug  present  in  the  epidermal  and 
dermal  tissues  respectively.  The  physical  processes  of  washing, 
heat  and  pressure  required  to  effect  the  separation  of  the 
tissues  for  analysis  could  be  sufficient  to  again  produce  an 
abnormal  drug  distribution  picture.  For  these  reasons  the 
reliability  of  such  an  analytical  technique  could  be  questioned. 

Perhaps  the  most  useful  attempt  at  quantitating  drug 
absorption  by  the  skin  as  well  as  determining  the  distribution 
of  drug  through  the  skin  was  introduced  by  Sheinaus,  Christian 
and  Sperandio  (96) .  Using  an  apparatus  to  control  the  appli¬ 
cation  of  radioactive-labeled  drug  preparations  to  specific 
surface  areas  of  the  skin,  they  studied  the  effect  of  the 
enzyme  hyaluronidase  on  intracutaneous  absorption.  Skin  sec¬ 
tions  were  recovered  at  successive  depths  from  the  treated 
specimen  by  slicing  the  skin  parallel  to  the  surface  with  a 
freezing  microtome.  The  depth  and  extent  of  drug  absorption 
were  then  determined  by  analyzing  the  serial  sections  of  skin 
for  radioactivity.  A  similar  procedure  was  employed  by 
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Carson  and  Goldhamer  (50,97)  in  evaluating  the  relative  absorp¬ 
tion  of  tritium-labeled  water  from  emulsified  and  non-emulsif ied 
preparations.  Although  the  results  presented  by  both  research 
groups  indicated  trends  differentiating  treatments  and  controls, 
variation  among  replicates  was  very  large.  In  fact,  values 
in  the  order  of  several  hundred  per  cent  were  obtained.  Unfor¬ 
tunately  no  statistical  analysis  was  presented  by  either  group. 
This  lack  of  reproducibility  critically  limited  the  value  of 
these  procedures  as  quantitative  methods  for  measuring  the 
effects  which  formulation  factors  may  have  upon  drug  absorption 
by  the  skin.  Nevertheless,  these  procedures  presented  a  prac¬ 
tical  approach  to  the  development  of  a  method  for  measuring 
intracutaneous  absorption.  If  the  experimental  error  could  be 
reduced  by  refining  the  technical  variables  involved,  a  method 
enabling  quantitative,  reproducible  data  could  be  expected  to 
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STATEMENT  OF  PROBLEM 

The  major  objective  of  this  investigation  is  to 
develop  a  method  for  quantitatively  measuring  the  effects  of 
formulation  factors  on  the  intracutaneous  absorption  of  drugs. 
The  importance  of  measuring  such  absorption  by  the  skin  as 
well  as  measuring  systemic  absorption  through  the  skin  will 
be  determined  experimentally  by  comparing  absorption  results 
from  each  phase  as  a  function  of  rest  time  and  of  concentration. 
These  effects  of  the  rest  time  and  concentration  variables  on 
absorption  by  each  phase  will  be  compared  to  predicted  values 
derived  theoretically. 
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EXPERIMENTAL  METHODS  AND  DISCUSSION 


Technical  variables  involved  in  the  application  of  a 


drug  preparation  to  the  surface  of  the  skin  as  well  as  in  the 
subsequent  recovery  of  skin  samples  for  the  analysis  of  drug 
absorption  were  expected  to  contribute  to  the  experimental 
error  of  a  method  designed  to  quantitatively  measure  intracut- 
aneous  absorption.  The  following  discussion  describes  the  steps 
taken  to  identify  and  control  these  variables. 

A.  Drug  Preparation  Used 

The  choice  of  drug  was  influenced  by  availability  in 

a  stable,  radioisotope-labeled  form  and  by  the  ability  of  the 

molecule  to  penetrate  into  and  through  the  skin.  The  label 

14  3 

preferred  was  either  carbon-14  (C  )  or  tritium  (H  )  since 

these  labels  are  most  common  to  organic  compounds.  Therefore 

any  procedures  developed  with  them  would  be  applicable  to 

later  absorption  studies  involving  the  majority  of  drugs  used 

14 

in  dermatological  practice.  Salicylic  acid  (carboxyl-C  )  met 
these  specifications  as  there  was  evidence  that  salicylic  acid 


14 

C  OOH 


OH 


Figure  5:  Salicylic  acid  showing  position  of  C 
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label . 
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penetrated  into  and  through  the  skin  (52,70,87,98,99).  Further¬ 
more,  since  salicylic  acid  is  used  in  modern  dermatology  as 
a  keratoplastic  and  a  keratolytic  agent,  it  was  selected  as 
the  drug  of  choice  for  this  investigation.  The  labeled  sal- 

* 

icylic  acid  was  obtained  in  crystal  form  from  Nuclear-Chicago 
in  a  specific  activity  of  approximately  15.5  mc/mM.  It  was  later 
dissolved  in  ethanol  and  part  of  this  stock  solution  was  diluted 
with  non-radioactive  salicylic  acid  to  produce  a  specific  activity 
of  approximately  18^c/100  mg  of  drug  in  one  ml  ^of  solution 
(solution  I) .  The  remainder  of  the  stock  solution  was  diluted 
in  a  similar  manner  to  produce  a  specific  activity  of  approx¬ 
imately  90^c/100  mg  of  drug  in  one  ml  of  solution  (solution  II)  . 
Both  solutions  were  placed  in  10  ml  vials  sealed  with  rubber 
stoppers  under  aluminum  caps.  The  vials  were  then  stored  in 
light-proof  containers  until  the  solutions  were  required  for 
incorporation  into  the  dermatological  vehicles. 

Shelmire  (98)  stated  that  the  primary  requirement  for 
topical  therapy  is  that  the  drug  presented  in  a  vehicle  must 
be  released  to  the  surface  of  the  skin  at  an  adequate  rate. 

He  also  pointed  out  that  although  the  vehicle  itself  may  not 
penetrate  the  skin  to  any  extent,  there  may  be  a  marked  diff^ 
erence  in  the  clinical  effectiveness  of  a  drug  depending  upon 
the  vehicle  employed.  Since  it  appeared  that  the  properties 
of  the  vehicle  may  influence  drug  absorption,  such  properties 
would  have  to  be  kept  constant  if  absorption  from  a  given  prep¬ 
aration  was  to  be  reproducible  from  experiment  to  experiment. 

The  distribution  of  drug  throughout  the  vehicle  and  the  con- 

*  Nuclear-Chicago  Corporation,  Des  Plaines,  Illinois,  U.S.A. 
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sistency  of  the  resulting  preparation  were  considered  as  import¬ 
ant  variables  which  could  influence  the  amount  of  drug  presented 

and  also  the  degree  of  drug  contact  with  the  skin. 

In  searching  for  a  satisfactory  vehicle,  preliminary 
testing  indicated  that  salicylic  acid  was  only  sparingly  sol¬ 
uble  in  commonly  used  dermatological  vehicles.  The  high  vis¬ 
cosities  of  such  systems  made  quantitative  separation  of  sus¬ 
pended  matter  a  difficult  procedure.  For  that  reason  the 
relative  solubility  of  salicylic  acid  in  these  vehicles  was 
estimated  by  microscopic  examination  for  undissolved  crystals. 

Since  equation  4  (see  p.  20  )  suggested  that  absorption 
of  drug  should  increase  with  an  increase  in  the  dissolved  por¬ 
tion  of  the  drug,  efforts  were  continued  in  this  direction 

* 

until  a  four  to  one  ratio  of  Modulan  to  olive  oil  was  sel¬ 
ected  as  satisfactory  (preparation  A).  Although  an  increase  in 
the  olive  oil  fraction  appeared  to  increase  the  solubility  of 
the  salicylic  acid  proportionally,  an  increase  in  fluidity  also 
occurred,  eventually  producing  a  preparation  which  was  too 
fluid  to  confine  to  a  specific  surface  area  on  the  skin.  For 
that  reason  the  four  to  one  ratio  was  selected  as  the  best  com¬ 
promise  between  solubility  and  consistency.  A  10  per  cent  w/w 
concentration  and  approximately  18^c/Gm  specific  activity  of 
salicylic  acid  was  prepared  in  this  vehicle  by  the  following 


*  Modulan  is  a  registered  trademark  of  the  American 

Cholesterol  Products,  Inc.,  Edison,  New  Jersey,  U.S.A. 

It  is  described  as  an  acetylated  lanolin  product  designed 
to  more  closely  approximate  human  skin  lipids  than  does 
lanolin  itself. 
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procedure.  One  ml  of  solution  I  (see  p.  33  )  was  added  to  each 

900  mg  of  vehicle  used.  The  ethanol  was  removed  by  evaporation 
and  the  salicylic  acid  then  was  incorporated  into  the  vehicle 
by  thorough  levigation  on  an  ointment  slab.  The  finished  prep¬ 
aration,  which  was  primarily  a  suspension,  was  sealed  in  2.5  ml 
disposable  syringes  and  stored  in  the  refrigerator.  Uniformity 
of  drug  distribution  throughout  the  vehicle  was  confirmed  at 
the  time  of  manufacturing  and  at  each  time  the  preparation  was 
used . 

* 

Hydrophilic  Ointment  U.S.P.  was  employed  as  the  second 
vehicle  for  salicylic  acid  (preparation  B) .  In  contrast  to  the 
oleaginous  nature  of  the  vehicle  used  in  preparation  A,  this 
base  was  a  more  complex  oil-in-water  system.  The  problems  assoc¬ 
iated  with  determining  the  solubility  of  salicylic  acid  in  prep-^ 
aration  B  were  similar  to  those  encountered  for  preparation  A. 
Microscopic  examination  again  indicated,  however,  that  both  a 
5  per  cent  and  a  10  per  cent  w/w  concentration  of  salicylic 
acid  in  preparation  B  were  primarily  in  suspension  form.  Through 
use  and  subjective  evaluation,  the  consistencies  of  preparations 
A  and  B  appeared  to  be  similar  although  no  definite  viscosity 
measurements  were  undertaken.  The  problem  of  keeping  the  con¬ 
sistency  of  preparation  B  constant  during  manufacturing  and 
storage,  however,  was  greater  than  that  for  preparation  A  because 
of  the  presence  of  an  aqueous  phase  in  the  hydrophilic  ointment. 


*  The  United  States  Pharmacopoeia,  Seventeenth  Revision, 
1965,  Mack  Publishing  Company,  Easton,  Pa.,  U.S.A. 
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With  this  problem  in  mind,  the  following  procedure  was 
adopted  for  making  preparation  B. 

The  ethanol  solution  of  salicylic  acid  was  added  to 
the  vehicle  in  a  container  selected  to  afford  a  minimal  expos¬ 
ure  of  surface  area  to  the  atmosphere.  The  ethanol  was  then 
evaporated  as  rapidly  as  possible  by  passing  a  stream  of  air 
over  the  open  container.  When  approximately  80  per  cent  (by 

weight)  of  the  ethanol  had  been  removed,  the  remaining  prepara- 

* 

tion  was  placed  between  two  sheets  of  Saran  Wrap  .  The  incorp¬ 
oration  of  the  drug  into  the  vehicle  was  facilitated  by  man¬ 
ipulating  the  preparation  between  the  sheets  of  Saran.  The 
evaporation  of  the  aqueous  phase  of  the  vehicle  causing  a  change 
in  the  consistency  of  the  preparation  was  reduced  in  this  manner 
The  storage  condition  and  uniformity  testing  schedule  for  prep¬ 
aration  B  were  similar  to  those  employed  for  preparation  A 
(see  p.  35) .  Two  preparations  representing  different  concen¬ 
trations  and  different  specific  activities  of  salicylic  acid 
in  Hydrophilic  Ointment  U.S.P.  were  made.  A  10  per  cent  (approx 
imately  90  uc/Gm)  product  was  prepared  by  adding  one  ml  of  sol¬ 
ution  II  (see  p.  33)  to  each  900  mg  of  vehicle  used.  A  five  per 
cent  (approximately  45  uc/Gm)  preparation  was  also  made  by 
diluting  part  of  the  10  per  cent  preparation  with  equal  parts 
of  vehicle. 

B.  Experimental  Animals  Used 

Preliminary  studies  to  identify  and  quantitatively 
evaluate  formulation  factors  which  may  influence  percutaneous 

*  Saran  Wrap  is  a  registered  trademark  of  Dow 
Chemical  Company,  Midland,  Michigan,  U.S.A. 
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absorption  can  be  carried  out  more  readily  and  with  better  control 
on  animals  than  on  humans.  Difficulties  encountered  in  finding 
an  adequate  number  of  subjects  to  study;  in  establishing  proper 
controls  with  subjects  who  participate  on  an  out-patient  basis 
and  in  drawing  conclusions  from  subjective  observations  such  as 
"improvement"  or  "no  improvement"  largely  can  be  overcome  with 
this  approach.  Since  there  is  probably  no  animal  with  skin 
identical  to  that  of  man,  experience  gained  from  animal  studies 
must  subsequently  be  verified  by  detailed  studies  on  humans. 
Nevertheless,  such  preliminary  experience  should  prove  to  be 
valuable  in  the  screening  of  formulation  factors  with  potent¬ 
ially  useful  clinical  application  (100)  . 

For  this  study  the  guinea  pig  was  selected  as  the 
animal  of  choice  because  it  was  of  a  size  suitable  for  the 
techniques  involved  and  also  because  of  its  use  in  previous 
investigations  on  skin  absorption  (44,50,96,97,101).  All 
experiments  were  performed  on  white,  male,  mongrel  guinea  pigs 
weighing  between  600  and  800  Gm.  The  weight  of  each  animal  was 
determined  and  recorded  immediately  prior  to  use.  The  animals 
were  maintained  on  a  commercially  available  laboratory  animal 
pellet  diet  which  was  in  turn  supplemented  with  greens.  Skin 
from  two  anatomical  sites  representing  hairy  and  hairless  skin 
was  included  in  the  investigation.  The  dorsal  surface  of  the 
animal  was  chosen  as  the  site  to  represent  hairy  skin  because 
of  the  ease  of  application  to  this  area.  Two  regions  were 
studied  at  this  site  in  subsequent  experiments,  one  on  each 
side  of  the  spine.  The "hairless'^or ‘’bald  spots'^  of  the  guinea 
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pig  are  located  behind  each  ear  (Figure  6)  and  have  been  des¬ 
cribed  in  detail  by  Zackheim  and  Langs  (102) .  They  reported 
these  areas  to  be  about  1.0  to  1.5  cm  in  diameter  but  tending 
to  be  larger  in  albinos  than  in  colored  animals.  On  the 

occasional  animal  some  fine  hair  was  found  to  be  present 


Figure  6.  Bald  area  behind  the  ear  of  a  white  guinea 
pig  as  demarcated  by  black  circle. 


on  these  regions. 

They  observed  that  the  major  difference  in  the 
anatomical  structure  of  the  hairy  and  the  bald  skin  was  the 
absence  of  pilosebaceous  apparatus  in  the  latter  (Figure  7) . 
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Both**bald 


spots  on  each  animal  were  used  for  experiments  on 


A  B 


Figure  7.  Photomicrographs  of  skin  sections  from  hairy 
skin  (A)  and  from  bald  skin  (B)  stained  with 
hematoxylin  and  eosin  (X40) . 


hairless  skin.  Any**bald  spot^^found  to  have  fine  hairs  on  it 
was  rejected.  The  thickness  of  the  skin  layers  in  the  spec¬ 
imens  shown  in  Figure  7  was  measured  in  each  case  with  the  aid 

• 

of  a  calibrated  microscope.  The  combined  thickness  of  the 
stratum  corneum  and  the  remainder  of  the  epidermis  was  found 
to  vary  from  approximately  80  to  100  microns.  The  dermis  was 
approximately  0.6  to  1.0  mm.  Major  networks  of  blood  vessels 
were  observed  in  skin  samples  from  both  sites  in  the  subcut¬ 
aneous  region  during  the  slicing  of  the  scimples  parallel  to 
the  surface.  Unfortunately,  little  information  was  found  in 
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the  literature  dealing  with  the  comparative  anatomy  of  guinea 
pig  and  human  skin.  The  absence  of  sweat  glands  in  the  skin 
of  the  guinea  pig  was  perhaps  the  most  noteworthy  difference 
reported  in  the  physical  characteristics  of  the  skin  of  the 
two  species  (103) .  The  hair  growth  pattern  in  the  guinea  pig, 
however,  was  found  to  more  closely  approximate  that  in  man  than 
did  hair  patterns  in  some  other  animals  (104). 

C.  Sedation  Procedure 

Animals  were  sedated  during  each  experiment  to  facilitate 
the  preparation  of  the  skin  and  the  application  of  medicament 
to  the  surface  of  the  skin.  Such  sedation  was  also  found  nec¬ 
essary  to  prevent  removal  of  the  material  by  the  animal  and 
to  reduce  any  stress  produced  in  the  animal  due  to  handling.  An 
inhalation  technique  was  used  similar  to  the  one  introduced  by 
Hagen  and  Hagen  (105) .  The  animal  first  was  placed  in  a  glass 
dessicator  jar  containing  anesthetic  ether.  As  soon  as  the 
animal  became  unconscious  it  was  transferred  to  the  apparatus 
illustrated  in  Figure  8.  Anesthesia  was  maintained  by  passing 
a  stream  of  air  (A,B)  over  the  surface  of  liquid  methoxyf lurane 
(C)  which,  upon  volatilizing,  passed  through  the  glass  tubing 
(D,E)  and  then  into  the  plastic  funnel  adapted  to  fit  over  the 
head  of  the  animal.  A  second  outlet  (F,G)  extended  to  the 
application  apparatus  so  that  anesthesia  also  could  be  maintained 
during  application.  The  depth  of  anesthesia  was  increased 
by  increasing  the  flow  of  air  over  the  methoxyf lurane  and  was 
reduced  by  decreasing  this  flow  of  air  or  by  removing  the 
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Figure  8:  Apparatus  for  achieving  sedation  by  inhalation. 


funnel  from  the  head  of  the  animal.  Satisfactory  anesthesia 
was  maintained  by  this  procedure  for  varying  lengths  of  time, 
with  five  hours  being  the  maximum  duration  required  for  any 
experiment  in  this  study. 

D.  Preparation  of  Skin  for  Application 

The  hair  on  the  dorsal  surface  of  anesthetized 
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Figure  9:  Detailed  drawing  of  applicator  assembly: 

(A)  -  cylinder;  (B)  -  applicator; 

(C)  -  assembly  in  position. 

•k 

animals  was  removed  with  an  Oster  small  animal  electric 
clipper.  When  the  bald  spots  were  selected  as  the  application 
sites,  the  hair  surrounding  these  spots  was  removed  in  a 
similar  manner.  Coarse  clipping  was  done  with  a  number  10 
blade  followed  by  finer  clipping  with  a  number  40  blade. 
Initial  irritation  observed  on  the  hairy  sites  due  to  clipping 
was  not  present  on  the  bald  sites  since  only  the  hair  around 
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Oster  is  the  registered  trademark  of  the  John  Oster 
Manufacturing  Co.,  Milwaukee,  Wisconsin,  U.S.A. 
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these  areas  had  to  be  removed  and  clipper  contact  with  the 
bald  spot  itself  was  avoided.  One  hour  after  clipping  was 
completed  the  areas  prepared  for  application  were  examined  care¬ 
fully  for  abrasions,  scars  and  for  hyperemia  due  to  clipper 
irritation.  Any  application  sites  exhibiting  such  abnormal 
characteristics  at  this  time  were  excluded  from  the  study. 


Since  the  degree  of  absorption  has  been  proposed  to 


vary  according  to  the  area  receiving  application  (37),  a  device 
was  required  to  confine  the  application  of  the  drug  preparation 
to  a  specific  surface  area  on  the  skin.  To  control  this  var¬ 
iable  the  area  had  to  be  reproducible  from  experiment  to  exper¬ 
iment.  A  technique  similar  to  the  one  described  by  Sheinaus, 
Christian  and  Sperandio  (96)  was  used  to  obtain  a  constant 
surface  area  of  exposure.  Stainless  steel  cylinders  (Figure 


9 (A) )  were  attached  to  the  skin  with  household  cement  over  the 
intended  sites  of  application  (Figure  10) .  A  flange,  located 
one  mm  from  the  base  of  the  cylinder  and  extending  three  mm 
beyond  the  external  diameter  of  the  cylinder,  was  designed 
to  effect  contact  with  the  surface  of  the  skin.  Twenty  mm 
circles  were  carefully  marked  around  the  intended  sites  with 
the  aid  of  the  open  end  of  a  test  tube  and  an  inked  stamp  pad. 
Cement  was  applied  to  the  skin  around  the  circumference  of  the 
circle  so  marked  and  also  to  the  bottom  of  the  flange  on  the 
cylinder.  Approximately  one  minute  after  cementing,  the 
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cylinders  were  found  to  be  firmly  attached  to  the  two  respective 
circles  on  the  skin.  This  arrangement  provided  a  specific 


A  B 

Figure  10.  Position  of  cylinders  on  hairy  skin  (A)  and 
on  bald  skin  (B) . 

surface  area  (11  mm  diameter)  for  application  in  the  center  of 
each  cylinder.  Teflon  applicators  (Figure  9(B))  were  designed 
to  introduce  the  drug  preparation  through  the  center  of  these 
cylinders  and  onto  the  surface  of  the  skin  (Figure  9(C)). 

The  closely  machined  fit  of  the  applicators  in  the  cylinders 
permitted  free  rotation  on  the  surface  of  the  skin  while  at 
the  same  time  resisting  the  loss  of  drug  preparation  between 
the  applicator  and  cylinder. 

E.  Application  of  Drug  Preparation 

The  viscous  nature  of  the  majority  of  vehicles  used  in 
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dermatological  preparations  requires  that  some  degree  of  rubbing 
be  used  during  the  application  of  such  preparations  in  order 
to  obtain  a  satisfactory  contact  between  the  applied  drug  and 
the  surface  of  the  skin.  Assuming  that  the  degree  of  this 
contact  influences  the  degree  of  absorption,  rubbing  became 
another  variable  which  had  to  be  controlled  before  consistent 
results  could  be  expected  from  the  contemplated  experiments. 

A  device,  again  similar  to  the  one  presented  by  Sheinaus, 

Christian  and  Sperandio  (96) ,  was  used  to  produce  uniform 
rubbing  (Figure  11) .  It  consisted  of  a  motor  (A)  which  rotated 
a  flexible  cable  drive  (B)  which  in  turn  rotated  an  aluminum 
rod  (E) .  The  rod  could  move  freely  in  a  vertical  direction 
inside  the  housing  (D)  through  a  distance  determined  by  the  length 
of  the  sleeve  cut  through  the  housing  wall.  The  upper  pin  on 
the  rod  prevented  it  from  disengaging  at  this  point.  The  drug 
preparation  (20.0  +  0.5  mg)  was  ejected  from  the  storage  syringe 
onto  the  surface  of  the  applicator  (F) .  This  quantity  of  prep¬ 
aration  was  used  since  preliminary  studies  showed  that,  upon 
rubbing,  20  mg  was  slightly  in  excess  of  the  amount  required 
to  completely  cover  the  exposed  11  mm  diameter  skin  surface. 

After  loading  with  drug  in  this  manner  the  applicator  was 
attached  to  the  lower  end  of  the  rod  by  means  of  a  pin  provided 
for  this  purpose.  This  assembly  was  then  positioned  directly 
over  the  cylinder  cemented  to  the  animal  (G)  and  lowered  into 
the  cylinder  until  the  preparation  on  the  bottom  of  the  appli¬ 
cator  contacted  the  surface  of  the  skin  and  the  full  weight 
of  the  rod  and  applicator  rested  on  this  surface.  Such  a 
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Figure  11:  Drawing  of  complete  application  apparatus 
with  animal  in  position. 
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stationary  contact  was  maintained  for  five  seconds  before  motor 
induced  rotational  rubbing  was  carried  out  at  30  r.p.m.  for 
pre-determined  lengths  of  time.  Slight  movements  by  the 
animal  in  the  vertical  direction  such  as  those  resulting  from 
breathing  were  absorbed  by  the  "floating"  rod  assembly.  Other 
movements  were  restricted  by  a  surgical  elastic  strap  which 
secured  the  animal  to  the  cradle.  In  this  manner  a  constant 
rubbing  pressure  was  maintained.  A  ball  and  socket  joint  (H) 
on  the  base  of  the  cradle  permitted  the  accurate  positioning 
of  the  cradle  and  the  animal  to  achieve  the  proper  angle  for 
the  applicator  to  enter  the  cylinder.  After  rubbing  was  com¬ 
pleted,  the  applicator  was  detached  from  the  rod  and  left  in 
position  in  the  cylinder  for  the  remainder  of  the  experiment. 
This  was  done  to  enhance  the  contact  of  a  constant  amount  of 
preparation  with  the  skin.  The  animal  was  then  removed  from 
the  cradle  and  returned  to  the  anesthetic  assembly  described 
previously  (see  p.  40  ) . 

F.  Rest  Time 

Since  Stolar,  Rossi  and  Barr  (70)  showed  that  the 
percutaneous  absorption  of  salicylic  acid  was  a  function  of 
the  time  in  which  the  drug  preparation  remained  in  contact  with 
the  surface  of  the  skin,  it  was  considered  important  to  con¬ 
trol  this  factor.  Accordingly,  rest  time  in  this  study  was 
taken  as  the  period  between  the  time  of  application  and  the 
time  of  sacrificing  the  animal.  The  sedated  animal  was  sac¬ 
rificed  with  an  overdose  of  chloroform.  The  time  required 
for  procedures  to  prepare  the  skin  samples  for  analysis  after 
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sacrificing  was  not  considered  as  being  part  of  the  rest  period. 
It  was  recognized  that  some  additional  degree  of  absorption 
may  have  taken  place  during  this  period.  However,  since  for 
all  practical  purposes  the  time  required  to  prepare  the  skin 
samples  for  analysis  was  the  same  in  all  experiments,  the 
increase  in  counts,  if  any,  was  considered  to  be  constant. 

G.  Preparation  of  Skin  Samples  for  Analysis 

Skin  sections,  parallel  to  the  surface  of  the  skin 
and  located  at  successive  depths  below  the  surface,  were  re¬ 
covered  and  analyzed  for  radioactive  salicylic  acid.  This 
method  was  selected  to  permit  a  quantitative  comparison  of  the 
relative  total  absorption  by  skin  samples  from  different  exper¬ 
iments.  In  this  way  it  was  possible  also  to  obtain  an  indica¬ 
tion  of  the  drug  distribution  gradient  within  each  sample.  To 
accurately  compare  relative  drug  absorption  among  samples,  how¬ 
ever,  skin  sections  had  to  be  of  equal  surface  area  and  thick¬ 
ness.  Furthermore,  these  sections  had  to  be  recovered  from 
corresponding  depths  in  the  samples  to  be  compared  since  it 
was  expected  that  the  level  of  radioactivity  would  increase 
with  increasing  proximity  to  the  epidermal  surface. 

The  following  procedures  indicate  the  difficulties 
encountered  in  recovering  such  sections. 

Hairy  Skin 

The  first  approach  (method  I)  at  recovering  uniform 
sections  from  various  depths  of  the  treated  skin  was  patterned 
after  that  described  by  Sheinaus,  Christian  and  Sperandio  (96) . 
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After  sacrificing  the  animal  the  applicators  were  removed 

from  the  cylinders  and  the  excess  drug  preparation  was  removed 

from  the  skin  surfaces  with  cotton-tipped  swabs.  The  dorsal 

skin  of  the  animal  was  removed  by  cutting  at  least  three  cm 

outside  of  the  treated  sites.  This  skin  was  placed  on  a  piece 

of  waxed  paper  resting  on  a  lead  block.  Circular  skin  punches 

were  obtained  using  a  stainless  steel  punch  (19  mm  diameter)  on 

the  two  previously  delineated  circles  on  the  skin  representing 

the  treated  areas.  Each  skin  punch  was  then  transferred,  epid- 

* 

ermis  up,  to  the  stage  of  a  Spencer  freezing  microtome  on 

which  a  drop  of  distilled  water  had  been  placed.  Attachment  of 

the  punch  to  the  block  was  made  by  rapidly  freezing  both  with 

carbon  dioxide.  To  obtain  a  level  epidermal  surface  for  slicing, 

a  weight  (approximately  20  Gm)  was  placed  on  the  punch  before 

*  * ** *** 

freezing.  The  blade  of  the  microtome  knife  was  positioned 
parallel  to  the  epidermal  surface  of  the  punch  and  then  low¬ 
ered  in  50  micron  increments  until  it  just  contacted  this  sur¬ 
face.  The  punch  was  then  sliced  into  50  micron  sections.  These 
sections,  with  the  exception  of  the  first  one,  were  individ¬ 
ually  transferred  upon  slicing  to  separate,  serially  numbered 

*  *  * 

liquid  scintillation  counting  vials  which  contained  one 


*  AO  Spencer  888  Automatic  Clinical  Microtome  and  930 

Freezing  Attachment,  American  Optical  Co.,  Buffalo,  N.Y.,  U.S.A. 

**  Razor  blades  were  used  for  slicing  skin  sections  in  all 
experiments  except  autoradiography  slicing  where  a  20  mm 
Spencer  microtome  blade  was  used.  Blades  were  wiped  after 
each  section  was  sliced  and  were  changed  for  each  sample. 

*** Standard  20  ml  volume  vials,  #3323,  Nuclear-Chicago  Corp. 
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ml  of  digesting  solution.  The  first  section  recovered  was 
discarded  since  it  was  composed  mainly  of  hair  and  residual 

drug  preparation  from  the  surface.  Difficulties  in  leveling 
the  surface  of  the  skin  punch  and  in  adjusting  the  knife  blade 
to  be  parallel  to  this  surface  often  resulted  in  the  second 
section  also  containing  a  portion  of  the  surface  residue. 
Therefore,  although  the  second  section  was  analyzed,  it  was  not 
considered  as  being  representative  of  drug  absorbed.  All  skin 
sections  were  transferred  from  the  microtome  to  the  vials  with 
a  surgical  dissecting  needle.  The  vials  containing  the  tissue 
and  digesting  solution  were  then  capped  and  the  contents  were 
digested  at  70*^  C  for  two  hours.  After  this  stage  was  com¬ 
pleted,  10  ml  of  fluor  solution  was  added  and  the  samples 
were  ready  for  counting.  This  method  was  used  for  all  skin 
samples  in  experiments  on  hairy  skin. 

Bald  Skin 

The  applicators  and  the  excess  drug  preparation  were 
removed  from  the  bald  spots  in  the  same  manner  as  before.  The 
cylinders  were  left  intact  with  the  skin,  however,  and  the 
treated  sites  were  removed  from  the  animal  by  cutting  the  skin 
immediately  around  the  cylinders.  This  resulted  in  the 
cylinders  being  attached  to  a  circular  skin  sample  approx¬ 
imately  20  mm  in  diameter.  The  cylinder  and  skin  combination 

was  frozen,  subcutaneous  side  down,  on  the  quick  freeze  block 

* 

of  a  microtome  cryostat  for  30  minutes.  This  frozen  assembly 

*  International  Model  CTI  microtome  cryostat.  International 
Equipment  Co.,  Needham  Heights,  Mass.,  U.S.A. 
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Figure  12:  Details  of:  (A)  Skin  punch  (1)  recovered  through 

cylinder  (2)  from  skin  (3) ;  (B)  Skin  punch  (1) 

on  holder  plate  (2). 


was  then  inverted,  subcutaneous  side  up,  on  a  lead  block  which 
was  placed  inside  the  cryostat.  A  punch  of  skin  was  removed 
through  the  center  of  the  cylinder  with  an  eight  mm  cutaneous 
punch  (Figure  12 (A) ) .  The  resulting  punch  was  then  placed  on 
a  drop  of  distilled  water  on  a  specimen  holder  plate  and  rap¬ 
idly  frozen  to  the  plate  (Figure  12  (B) )  on  the  quick  freeze 
block.  The  plate  and  sample  were  then  carefully  adjusted  and 
secured  on  the  microtome  in  such  a  position  that  the  cutting 
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blade  could  slice  parallel  to  the  surface  of  the  sample.  This 
procedure  was  used  for  methods  II  and  III.  It  largely  overcame 
problems  experienced  in  method  I  in  obtaining  skin  samples 
with  inconsistent  diameters  and  non-level  epidermal  surfaces. 
The  only  difference  between  methods  II  and  III  was  in  the 
direction  of  slicing  the  skin  samples. 

The  samples  sliced  by  method  II  were  frozen  on  the 
specimen  plates  with  their  epidermal  surface  up.  The  sections 
obtained  by  this  approach  therefore  represented  successively 
increased  depths  from  the  epidermal  surface  (epidermis  to  sub¬ 
cutaneous)  .  The  first  two  50  micron  slices  were  considered 
to  be  grossly  contaminated  by  drug  preparation  from  the  sur¬ 
face  and  were  treated  in  the  same  manner  as  were  comparable 
sections  in  hairy  skin  analysis  (see  p.  50  ) .  The  samples 
sliced  by  method  III  were  frozen  on  the  specimen  plates  with 
the  subcutaneous  surface  up.  The  sections  obtained  by  this 
approach  were  in  opposite  order  to  those  obtained  by  method 
II  and  represented  decreasing  depths  from  the  epidermal  sur¬ 
face  (subcutaneous  to  epidermis) .  To  determine  the  proximity 
of  each  section  to  the  epidermal  surface  by  this  method,  each 
punch  was  completely  sliced  until  the  ice  below  the  surface 
was  reached.  The  corresponding  depth  of  each  section  was  cal¬ 
culated  in  this  manner  by  relating  the  section  number  to  the 
subsequent  number  of  50  micron  slices  required  to  reach  the 
ice.  The  two  sections  recovered  immediately  before  reaching 
the  surface  were  again  considered  to  be  contaminated  by  the 
drug  preparation  on  the  epidermal  surface.  Skin  punches  which 
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became  detached  from  the  specimen  holder  plate  before  sections 
100  microns  from  the  epidermal  surface  were  obtained  were  not 
included  in  the  study.  Two  sections  of  skin  tissue  (recovered 
by  methods  II  and  III)  were  placed  in  each  counting  vial.  The 
digesting  solution,  the  method  of  digesting  and  the  fluor 
solution  used  for  these  samples  were  identical  to  those  used 
for  hairy  skin  samples  obtained  by  method  I. 

H.  Preparation  of  Blood  Samples  for  Analysis 

The  purpose  of  measuring  systemic  absorption  was 
to  determine  whether  intracutaneous  absorption  as  measured  by 
the  method  developed  in  this  investigation  was  proportional  to 
systemic  absorption  as  measured  by  a  commonly  used  method. 
Cotty,  Skerpac,  Ederroa,  Zurzola  and  Kuna  (71)  demonstrated 
that  the  analysis  of  blood  plasma  was  satisfactory  for  eval¬ 
uating  the  systemic  absorption  of  salicylates.  Accordingly, 
blood  plasma  was  used  in  the  present  study. 

Approximately  five  ml  of  blood  was  removed  from  the 
animal  by  cardiac  puncture  immediately  after  the  rest  period. 
The  blood  sample  was  stored  in  the  refrigerator  until  pro¬ 
cessing.  Brodie,  Udenfriend  and  Coburn  (106)  have  shown  that 
salicylic  acid  is  stable  in  blood  plasma  when  stored  under 
such  conditions.  Later,  the  sample  was  centrifuged  at  2,000 
r.p.m.  for  30  minutes.  Duplicate  0.5  ml  volumes  of  plasma  were 
then  pipetted  into  separate  scintillation  counting  vials. 

After  addition  of  a  digesting  agent  to  each,  the  samples  were 
left  to  digest  at  room  temperature  for  12  hours.  Fifteen  ml 
of  fluor  solution  was  then  added  in  preparation  for  counting. 
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I.  Uniformity  of  Drug  Preparations 

Duplicate  50  mg  samples  were  obtained  from  different 

parts  of  the  drug  preparation  for  each  determination  of  the 

uniformity  of  drug  distribution  throughout  the  vehicle.  The 

samples  were  weighed  in  counting  vials  and  then  10  ml  of 

fluor  solution  was  added  before  counting.  No  additional  digest 

was  required  to  effect  dissolution  of  the  drug  preparations. 

* 

The  average  specific  activities  (DPM  /5  mg  of  drug  preparation) 
together  with  the  standard  deviations  of  the  various  preparations 
were  as  follows: 

10  per  cent  salicylic  acid  in 

preparation  A  (22  replicates)  =  201,996  +  4,778; 

10  per  cent  salicylic  acid  in 

preparation  B  (24  replicates)  =  1,009,541  +  15,857; 

5  per  cent  salicylic  acid  in 
preparation  B  (6  replicates)  =  513,113  +  13,354. 

On  the  basis  that  the  DPM  of  the  10  per  cent  salicylic  acid 
preparation  B  represented  100.0  mg  of  drug  per  Gm  of  prepara¬ 
tion,  the  relative  DPM  of  the  five  per  cent  preparation 
therefore  represented  a  concentration  of  50.8  mg  of  drug  per 
Gm  of  preparation. 

J.  Reagents 

A  2N  solution  of  potassium  hydroxide  in  methanol  was 
used  to  digest  the  skin  sections.  The  solution  was  stored  at 


*  Disintegrations  per  minute 
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room  temperature  protected  from  the  light.  The  normality  was 

checked  approximately  every  two  weeks  by  the  U.S.P.  XVII  method 

for  standardizing  0 , 5N  alcoholic  potassium  hydroxide.  The 

plasma  samples  were  bleached  with  five  drops  of  30  per  cent 

* 

hydrogen  peroxide  and  then  digested  with  four  ml  of  NCS  ,  a 
quaternary  ammonium  hydroxide  reagent. 

The  fluor  solution  used  for  the  skin  and  drug  prep¬ 
aration  samples  was  similar  to  the  one  described  by  Petroff, 
Patt  and  Nair  (107) .  It  was  prepared  approximately  once  a 
month  and  was  stored  in  the  refrigerator.  A  primary  and  a 
secondary  scintillation  fluor  were  employed  in  the  solution. 
These  were  2 , 5-diphenyloxazole  (PPO)  and  p-bis-  (5-phenyl- 
oxazolyl)^  -benzene  (POPOP)  respectively.  A  secondary  solvent, 
ethylene  glycol  monobutyl  ether  (butyl  cellosolve) ,  was  added 
to  the  primary  solvent  of  toluene  to  increase  the  miscibility 
of  the  skin  tissue  digest  with  the  fluor  solution. 


FORMULA  OF  FLUOR  SOLUTION 


Toluene 

Butyl  Cellosolve 

PPO 

POPOP 


850  ml 
150  ml 
4.00  Gm 
0.05  Gm 
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NCS  is  a  registered  trademark  of  the  Nuclear-Chicago 
Corp.,  Des  Plaines,  Illinois,  U.S.A. 
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The  butyl  cellosolve  was  not  included  in  the  fluor 
solution  used  for  plasma  analysis  since  the  plasma  digest  was 
immiscible  with  it.  In  this  case  the  volume  of  butyl  cell¬ 
osolve  in  the  above  formula  was  replaced  by  an  equal  volume 
of  toluene.  No  other  modifications  were  made  in  the  formula. 

14 

K.  Radioassay  of  C  -Salicylic  Acid 

The  radioactivity  of  all  samples  was  counted  in  the 

Nuclear  Chicago  720  series  liquid  scintillation  counter.  This 

radioactivity  gave  a  measure  of  the  concentration  of  salicylic 

acid  in  each  sample.  The  skin  tissue,  plasma,  drug  vehicle 

and  digesting  agents  used  produced  varying  degrees  of  quenching. 

Therefore  all  counts  obtained  were  corrected  to  a  theoretical 

disintegration  per  minute  (DPM)  using  the  standard  channels 

ratio  technique.  This  was  done  by  first  using  the  unquenched 
14 

C  standard  to  determine  the  appropriate  channels  ratio 

settings  on  the  counter  for  .  A  quenching  correction  curve 

of  per  cent  efficiency  versus  the  channels  ratio  was  then 

14 

plotted  using  C  quenching  standards  (Figure  13) .  This 
curve  was  checked  each  time  a  series  of  samples  was  counted. 

The  per  cent  efficiency  with  which  each  sample  was  counted 
was  calculated  from  this  curve  and  the  sample  counts  were 
corrected  accordingly.  All  three  types  of  samples  were 
counted  at  50  per  cent  efficiency  or  better.  Ten  minute 
background  counts  were  made  on  samples  of  the  drug  prepara¬ 
tion,  skin  tissues  and  plasma.  These  background  samples 
were  identical  to  the  samples  prepared  in  experiments  on  each 
respective  medium  with  the  exception  that  the  radioactive 
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Figure  13:  Quenching  curve  for  C 
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drug  was  omitted.  The  background  samples  were  counted  and 
corrected  for  quenching  each  time  a  series  of  samples  which 
they  represented  was  counted.  The  corrected  background  counts 
were  then  subtracted  from  the  respective  corrected  sample 
counts  to  give  the  theoretical  DPM  of  the  sample.  All  samples 
were  counted  for  10  minutes  or  until  10,000  counts  had  been 
recorded  with  the  exception  of  the  drug  preparation  uniformity 
samples  which  were  counted  at  a  pre-set  count  of  1,000,000. 

An  additional  correction  factor  was  applied  to  the 
DPM  of  plasma  samples.  The  DPM  of  these  samples  represented 
the  specific  activity  of  salicylic  acid  in  only  0.5  ml  of 
plasma.  Such  specific  activities  would  not  be  expected  to 
represent  the  relative  degrees  of  systemic  absorption  among 
animals  which  have  different  plasma  volumes.  The  work  of 
Ansill  (108)  and  Masouredis  and  Melcher  (109)  indicated  that 
the  plasma  volumes  of  guinea  pigs  vary  according  to  the  weight 
of  the  animal.  Ansill  reported  that  the  combined  results  of 
the  two  groups  gave  a  3.9  ml  per  100  Gm  body  weight  value  for 
the  average  plasma  volume  of  male  guinea  pigs.  The  average 
weight  of  the  animals  used  in  the  present  study  was  665  Gm. 

On  the  above  basis,  the  average  plasma  volumes  of  animals  used 
would  be  25.9  ml.  Therefore,  to  correct  for  the  effect  of 
the  systemic  dilution  of  salicylic  acid  due  to  varying  plasma 
volumes,  the  DPM  of  each  plasma  sample  was  multiplied  by  the 
following  factor: 

calculated  plasma  volume  of  test  animal  (ml) 
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L.  Autoradiography  Procedure 

Autoradiography  was  used  in  this  study  to  confirm  the 
presence  of  radioactive  salicylic  acid  in  the  various  regions 
of  bald  skin  and  not  to  quantitatively  measure  the  amount  of 
drug  absorbed.  The  only  difference  in  obtaining  sections  of 
a  treated  bald  skin  punch  for  autoradiography  from  obtaining 
sections  of  the  same  type  of  punch  for  scintillation  analysis 
was  in  the  method  of  slicing  the  respective  punches.  While 
the  punch  for  scintillation  analysis  was  sliced  in  50  micron 
sections  parallel  to  the  epidermal  surface,  the  punch  for 
autoradiography  was  sliced  in  30  micron  sections  perpendicular 
to  the  epidermal  surface.  In  the  latter  procedure,  an  anti¬ 
roll  device  was  used  to  unfold  each  section  as  it  was  sliced. 
Each  30  micron  section  was  transferred  from  the  microtome  blade 
to  prepared  emulsion  plates  with  a  surgical  dissecting  needle. 
The  emulsion  plates  used  were  one  inch  by  three  inch  NTB-3 

Nuclear  plates  manufactured  by  Eastman  Kodak.  While  the 

★ 

plates  were  stored  over  Drierite  in  a  light-proof  box  at 
approximately  -5°C,  they  were  warmed  to  room  temperature  immed^ 
lately  prior  to  use.  After  the  tissue  sections  were  deposited 
on  the  emulsion  side,  the  plate  was* returned  to  the  light-proof 
box  over  Drierite  for  at  least  24  hours  to  remove  moisture  from 
the  tissue  sections.  Then,  a  one  inch  by  three  inch  siliconized 
glass  slide  was  carefully  superimposed  over  the  sections  on  the 
emulsion  slide.  These  two  slides  were  held  together  with  an 
Esterbrook  #2  clamp.  This  assembly  was  then  placed  once  again 
in  the  light-proof  box  over  Drierite  and  allowed  to  stand  for 
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approximately  two  weeks  at  -5°C. 

After  exposure  the  siliconized  glass  slide  was  removed. 
Precautions  were  taken  to  do  this  before  the  slides  became 
warm  so  that  the  tissue  sections  would  not  stick  to  the  sil¬ 
iconized  slide.  The  emulsion  slide  with  the  tissue  was  placed 
in  Kodak  D-19  developer  for  approximately  four  minutes.  It 
was  then  washed  in  distilled  water  for  30  seconds  before 
placing  in  Kodak  Rapid  Fixer  for  twice  the  length  of  time 
required  to  clear  the  emulsion.  The  slide  with  the  sections 
was  then  washed  in  running  distilled  water  for  approximately 
10  minutes.  All  solutions  used  were  kept  at  19  to  21°C, 
and  all  procedures  involving  the  exposure  of  the  emulsion 
slides  were  performed  under  controlled  light  conditions  using 
a  Wratten  series  #2  filter. 


*  Drierite  is  anhydrous  CaSO.  manufactured  by  the  W.A. 
Hammond  Drierite  Co.,  Xenia,  Ohio,  U.S.A. 
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RESULTS  AND  DISCUSSION 

A.  Developing  the  Method 

Experimental  variables  affecting  the  uniform  applica¬ 
tion  of  a  specific  amount  of  drug  preparation  to  a  specific 
surface  area  of  skin  were  anticipated  and  methods  for  the  control 
of  these  variables  have  been  discussed  previously  (see  pp.  43 
to  47  ) .  The  technical  problems  influencing  the  subsequent 

recovery  of  corresponding  skin  samples  among  replicates,  how¬ 
ever  were  determined  only  through  extensive  experimentation. 

In  the  initial  work,  the  measurement  of  intracutaneous 

absorption  was  carried  out  by  applying  the  drug  preparation  to 

the  skin  of  the  animal  on  the  dorsal  surface  after  shaving. 

The  skin  was  then  sectioned  at  successively  increasing  depths 

from  the  outer  surface.  This  recovery  was  effected  by  slicing 

from  the  epidermis  toward  the  subcutaneous  region  (method  I, 

14 

see  p.  4  8  )  .  A  10  per  cent  (18  jjic/Gm)  preparation  of  C 

labeled  salicylic  acid  (preparation  A)  was  used.  In  the  first 
experiment  this  preparation  was  applied  by  rubbing  for  60 
seconds.  It  was  then  left  in  contact  with  the  skin  for  120 
minutes.  The  resulting  amounts  of  radioactive  drug  at  various 
depths  in  the  skin  of  replicates  receiving  this  treatment 
were  analyzed  and  the  values  are  presented  in  Table  I.  A 
high  concentration  level  at  each  depth  indicated  significant 
absorption  of  salicylic  acid  by  the  skin.  There  appeared  to 
be  very  little  absorption  by  the  deeper  dermal  layers  and 
therefore  only  the  concentration  in  the  250  microns  of  tissue 
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proximal  to  the  epidermis  was  taken  to  represent  the  absorption 
by  each  replicate. 

The  effect  of  rubbing  time  on  absorption  was  deter¬ 
mined  in  the  next  experiment  by  reducing  the  rubbing  time  from 
60  seconds  to  10  seconds.  A  significant  decrease  in  absorp¬ 
tion  (Table  II)  indicated  that  the  degree  of  rubbing  was  an 
important  factor  in  intracutaneous  absorption.  The  effect  of 
resting  time  was  evaluated  in  a  similar  manner  in  experiment 
three  by  rubbing  for  60  seconds  but  eliminating  the  rest  time. 
Again,  a  decrease  in  absorption  (Table  III)  from  that  found 
in  the  first  experiment  suggested  that  the  duration  of  drug 
contact  to  the  surface  of  the  skin  was  also  an  influential 
factor  in  the  process  of  absorption.  Although  the  results  of 
experiment  three  showed  a  decrease  in  absorption  with  a 
decrease  in  rest  time,  the  magnitude  of  this  decrease  was  not 
as  large  as  could  be  expected.  It  appeared  questionable 
whether  the  60  second  rubbing  alone  could  produce  the  rapid 
absorption  of  drug  by  the  deeper  tissues  which  was  suggested 
by  the  results.  Suspicions  were  aroused  that  the  drug  prep¬ 
aration  was  being  forced  mechanically  down  the  pilosebaceous 
route.  Such  mechanical  induction  probably  would  result  in 
the  high  levels  of  radioactivity  measured  at  each  depth  of 
skin  but  it  would  not  be  representative  of  true  drug  absorp¬ 
tion.  It  was  recognized  that  the  potential  problem  of  mech¬ 
anical  transfer  of  this  nature  could  be  avoided  if  skin  which 
did  not  have  pilosebaceous  apparatus  but  which  possessed  the 
normal  barriers  to  absorption  could  be  obtained. 
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The  bald  area  of  the  guinea  pig  was  reported  to  be 
such  a  tissue.  It  was  adopted  for  use  in  the  present  work  to 

prevent  the  complication  of  trying  to  differentiate  upon 
analysis  the  amount  of  drug  absorbed  by  the  skin  from  the  amount 
transferred  mechanically  down  the  pilosebaceous  route.  Absorp¬ 
tion  studies  on  bald  skin  became  by  necessity  studies  on  trans- 
epidermal  absorption.  Therefore  results  from  such  studies  repres¬ 
ented  relative  rather  than  absolute  absorption  since  absorption 
occurring  by  only  one  route  was  measured.  This  was  not,  however, 
considered  as  a  serious  limitation  of  the  "bald  spot"  as  a 
model  for  intracutaneous  absorption  studies  since  the  major 
objective  of  such  studies  would  be  to  evaluate  the  relative 
effects  which  formulation  factors  might  have  upon  intracutaneous 
absorption . 

The  use  of  the  guinea  pig  "bald  spots"  was  a  signif¬ 
icant  second  step  taken  to  develop  a  method  for  measuring  intra¬ 
cutaneous  absorption.  Skin  sections  from  such  treated  sites 
were  recovered  for  analysis  by  again  slicing  from  the  epidermis 
to  the  subcutaneous  region  (method  II,  see  p.  52  ).  Since 

the  surface  area  of  recovered  bald  skin  specimens  was  only  eight 
mm  in  diameter,  100  micron  (2  x  50  yu)  depths  of  skin  were  ana¬ 
lyzed  as  samples  from  each  replicate.  This  was  done  to  achieve 

a  satisfactory  level  of  radioactivity  in  each  sample  for  sta¬ 
tistical  counting  purposes.  The  total  depth  of  dermal  tissue 
analyzed  to  represent  absorption  by  each  replicate  was  extended 
accordingly  to  500  microns  so  that  the  drug  distribution  in 

each  replicate  again  would  be  shown  by  five  samples. 
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Experiment  four  was  the  first  of  a  series  of 
experiments  planned  to  determine  the  effect  on  absorption 
of  eliminating  the  pilosebaceous  route.  Preparation  A  was 
applied  to  the  bald  spots  with  10  second  rubbing  and  for 
zero  rest  time.  The  results  of  experiment  four  (Table  IV) 
showed  that  although  mechanically  introduced  drug  may  have 
interfered  with  absorption  measurements  in  previous  expert 
iments,  this  artifact  did  not  appear  to  be  alone  responsible 
for  the  high  levels  of  drug  analyzed  at  various  depths  in 
the  skin.  An  autoradiograph  (Figure  14)  of  a  skin  section 


Figure  14 ;  Autoradiograph  of  skin  section  showing  depth  of 
C^^-salicylic  acid  penetration  from  preparation 
A  (x  40) .  (Section  sliced  from  the  sub¬ 
cutaneous  region  toward  the  epidermis) . 
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INTRACUTANEOUS  ABSORPTION  OF  C  -LABELED  SALICYLIC  ACID 
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cut  perpendicular  to  the  surface  from  a  tissue  sample  in  exper¬ 
iment  four  supported  the  theory  that  some  factor  arising  from 
the  procedural  technique  probably  was  contributing  to  the 
absorption  results  which  were  being  obtained.  The  autoradio¬ 
graph  showed  no  evidence  of  the  presence  of  salicylic  acid 
deeper  than  approximately  100  to  200  microns  below  the  surface 
of  the  skin.  This  appeared  to  contradict  the  absorption  results 
from  similarly  treated  samples  measured  by  scintillation  count¬ 
ing.  Since  a  different  method  of  slicing  was  used  in  the 
recovery  of  skin  sections  for  autoradiography  than  for  scint¬ 
illation  analysis,  the  slicing  procedure  for  the  latter  was 
considered  responsible  for  producing  erroneous  absorption 
results . 

By  slicing  skin  sections  parallel  to  the  epidermal 
surface  and  in  successive  order  toward  the  deeper  tissues,  the 
microtome  knife  would  be  expected  to  progress  from  a  region  of 
higher  drug  concentration  to  a  region  of  lower  drug  concen¬ 
tration.  Consequently,  if  the  knife  should  transfer  any  drug 
from  one  section  to  the  next,  the  drug  concentrations  in  these 
sections  would  not  be  representative  of  absorption  alone. 

Choman  (44)  pointed  out  that  this  situation  could  be  prevented 
by  freezing  the  skin  sample  to  the  specimen  plate  of  the  mic¬ 
rotome  with  the  epidermal  surface  down  and  then  slicing  from 
the  subcutaneous  surface  toward  the  epidermis.  Method  III 
(see  p.  52  )  represented  such  a  slicing  procedure.  It  was 

used  in  experiment  five  to  determine  whether  contamination  by 
the  microtome  knife  contributed  to  the  absorption  results 
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obtained  in  experiment  four. 

The  drug  preparation,  rubbing  time  and  rest  time  used 
in  experiment  four  were  repeated  for  experiment  five.  The 
results  shown  in  Table  V  supported  the  suspicion  that  the 
microtome  knife  was  carrying  contaminant  into  the  successive 
sections  which  were  sliced.  Very  little  absorption  was 
detected  in  tissues  deeper  than  approximately  200  microns  from 
the  epidermal  surface  whereas  results  from  experiment  four 
(Table  IV)  showed  considerable  drug  concentration  as  deep  as 
500  to  600  microns.  The  drug  concentration  gradients  through 
the  skin  from  experiments  four  and  five  are  presented  graph¬ 
ically  in  Figure  15.  In  view  of  these  results,  the  data 
obtained  in  experiments  one  to  four  must  be  considered  as  not 
truly  representing  the  intracutaneous  absorption  of  salicylic 
acid.  Furthermore,  the  validity  of  the  values  reported  by 
Sheinaus,  Christian  and  Sperandio  (96)  become  open  to  question 
since  the  skin  sections  recovered  for  analysis  in  their  work 
were  sliced  from  the  epidermis  towards  the  subcutaneous  fat. 

In  the  present  study,  attempts  to  slice  shaved  skin  samples 
by  method  III  were  unsuccessful  as  the  samples  became  detached 
from  the  specimen  holder  plate  before  sections  near  the  epid¬ 
ermis  could  be  recovered.  This  problem  was  attributed  to 
the  presence  of  residual  hair  on  the  surface  of  the  sample 
which  prevented  the  formation  of  a  strong  bond  between  the 
sample  and  the  freezing  plate.  Consequently,  the  series  of 
experiments  designed  to  test  the  effect  of  the  pilosebaceous 
route  upon  absorption  was  abandoned.  Method  III  was  then 
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INTRACUTANEOUS  ABSORPTION  OF  C  -LABELED  SALICYLIC  ACID 
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Figure  15: 


Drug  concentration  gradients  in  the  skin  obtained 
with  different  methods  of  slicing. 
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used  to  recover  skin  sections  for  all  subsequent  experiments 
on  intracutaneous  absorption. 

Since  very  little  absorption  occurred  beyond  a 
depth  of  200  microns  in  experiment  five,  an  attempt  was  made 
to  increase  the  absorption  of  salicylic  acid  by  increasing 
the  rubbing  and  rest  times  to  60  seconds  and  240  minutes 
respectively.  Changes  in  these  parameters  failed  to  produce 
an  anticipated  increase  in  intracutaneous  absorption  in  exper¬ 
iment  six  (Table  VI) .  This  result  indicated  either  that  prep¬ 
aration  A  did  not  adequately  release  salicylic  acid  for  absorp¬ 
tion  or  that  salicylic  acid  was  not  capable  of  significant 
penetration  into  the  skin  under  the  conditions  used. 

The  first  alternative  was  checked  by  preparing  sal¬ 
icylic  acid  in  another  vehicle.  A  10  per  cent  (90  ^c/Gm)  prep¬ 
aration  of  salicylic  acid  in  Hydrophilic  Ointment  U.S.P.  was 
made  (preparation  B) ,  This  vehicle  was  chosen  because  of 
reported  evidence  that  salicylic  acid  was  absorbed  percutan- 
eously  to  a  greater  degree  from  an  oil-in-water  emulsion  than 
from  other  vehicles  (52,70,87,98).  The  specific  activity  was 
increased  over  that  in  preparation  A  by  a  factor  of  five  in 
an  effort  to  increase  the  radioactivity  present  in  the  tissues 
and  thereby  enable  a  more  sensitive  measurement.  The  absorp¬ 
tion  of  salicylic  acid  from  preparation  B  was  tested  in  exper¬ 
iment  seven  by  using  the  same  rubbing  and  rest  times  as  in 
experiment  six.  The  results  in  Table  VII  show  an  approximately 
25  fold  increase  in  absorption  presumably  due  to  the  changes 
in  vehicle  and  specific  activity.  An  autoradiograph  of  a  skin 
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sample  from  experiment  seven  confirmed  the  deep  dermal 
absorption  of  salicylic  acid  from  preparation  B  (Figure 
16)  .  Since  the  specific  activity  was  increased  by  a 
factor  of  only  five,  much  of  the  increased  absorption  had 
to  be  attributed  to  the  new  vehicle.  Plasma  measurements 
of  salicylic  acid  from  the  two  experiments  similarly 
showed  a  relatively  higher  systemic  absorption  from  prep¬ 
aration  B  than  from  preparation  A  (Table  VIII) .  Since  the 
degree  of  absorption  from  preparation  B  appeared  to  be 
adequate  for  the  purpose  of  comparing  relative  absorption 
by  the  two  tissues,  no  further  investigation  was  attempted 


Figure  16:  Autoradiograph  of  skin  section  showing  depth 
of  salicylic  acid  penetration  from 

preparation  B  (x  40)  .  (Section  sliced 
from  the  subcutaneous  region  toward  the 
epidermis) . 
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to  define  the  characteristics  of  the  two  vehicles  which  were 
responsible  for  the  difference  in  absorption.  However,  such 
a  study  should  prove  to  be  valuable  and  is  a  possible  future 
extension  of  the  present  work. 

B.  Percutaneous  Absorption  as  a  Function  of  Rest  Time 

The  effect  of  different  rest  times  upon  intracutaneous 
and  systemic  absorption  was  investigated  to  compare  the  relative 
drug  absorption  by  these  two  phases.  Drug  preparation  B  was 
used  in  this  study  for  the  reason  presented  above.  A  common 
rubbing  time  was  required  for  each  experiment  to  keep  constant 
any  effect  which  rubbing  might  have  upon  the  degree  of  absorp¬ 
tion.  A  minimum  amount  of  rubbing  was  preferred  for  several 
reasons.  First,  minimum  rubbing  would  approximate  the  degree 
of  rubbing  used  in  clinical  application.  Second,  if  the 
degree  of  rubbing  should  significantly  influence  absorption, 
then  the  effect  of  excessive  rubbing  might  preclude  the 
detection  of  the  effect  of  the  rest  times  being  studied. 
Furthermore,  excessive  rubbing  was  observed  to  produce  an  ery¬ 
thema  of  the  skin  receiving  application.  This  would  indicate 
a  dilatation  of  the  blood  vessels  near  the  surface  which  could 
cause  an  abnomally  high  systemic  absorption.  Therefore, 
experiments  were  performed  to  determine  the  minimum  rubbing 
time  required  to  produce  a  significant  concentration  of  drug 
absorbed  throughout  the  skin. 

The  results  of  experiment  seven  showed  the  effect  of 
60  seconds  rubbing  after  240  minutes  rest  (Table  VII) .  The 
contribution  of  this  rubbing  time  to  absorption  was  determined 


I 


-  at 


4  V 


&13W  floiriw  aaloxrlQV  ow:)  io  soMsf sni^'^sb  o:J 

tlDUB  ^lavewoU  .noijJqioedfi  ni  sbnais^iib  30^  oldiBrtoqaei 

’  '  • 

C ' 

d'sudul  sldJtSBoq  6  a±  brt£  a  CdAiflav' ed  od  ©v'oiq  bli/ode  ^buds  b 

.;<xoW  dnsaaxq  srii  !td  noi«rtadX9 


efrtiT  lo  noldonu'5  b  as  noidqxoadA  ejjoansdyo'xa*!  .Q 

aiioenGduofixinx  noqu  aamid  dBQ'j  daeiai^ib  ioolla  adT 
svxdBlai  adi  9^sq/»oo  od  bsdfipxdeavnx  aew  ndidqxoadfi  oinisdaYS 

sfiw  a  noxdfixeqa-xq  ^oiC3  .aaafiriq  owd  ©aarfd  noxdqiosdB  puxb 

•  .-  ••  i  •■••■■■  M 

norrunoD  A  .svodB  bednaaaxq  noasai  arid  •xcd  Y^bude  exrld  nx  bsay 
dnBdsnoo  q©a>(  od  daomxisqxa  does  lod  bsxxupai  3Bw  emid.  pniddux 

j  .... 

-qxoadB  do  saxipob  arid  noqu  avBd  ddpim  pniddyx  rioidw  doaddo  Yf*^^ 

iBxevaa  lod  bsxiadaiq  aBvT'p/txddxrx  do  dat/Oi«B  {numlnim  A  .npxd 

*"  .«■  '- 

sa'xpab  arid  adBmxxoiqqB  bluow  pnxddui  ini>mx,nxfli  ^deiia  .anoeBa'X 

add  dx  ,bnoo98  .noxdBoiXqqB  IcoiniXo  nx  baarj  ipxtiddyx  do 
■  •'■•.'  '  •  .  v 

,noidq loads  aonealdni:  bloorflB  pniddui  do  setipab 

■•  ‘\  ■)  '  ■  .  .  'V  ‘  ^ 

9dd  ebulooxq  drlpim  paxddiri  svxaaaoxa  do  doadda  arid  fiorfd 

■  •  .  V,.  ■  -,'v- 

.boibwds  gnxsd  aeiirxd  daai' arid  do  doadds  >fld-  do  noxdosdsb 
aOL'boiq  od  bovieado  ebw  pnxddyx  avxaesoxa  ,9:ionrl9rid‘fu’d 

•‘  .  ‘  i  ^  *  f,.  V. 

sdBoXbnx  bXnow  axdT  .noxdBoilqqB  nxda  arid  dOy^B/nqrid 

■  '  •  *  '  '  r  ■  - 

.  * 

bXxjoo  rioxriw  aoBdiya  arid  iBSri  aXaasav  boold  ©rid  do  noidBdsIxb  b 
^sxodeiariT  .noxdqioads  oimsdeYS  ri-giri  Y-flB/monds  ns  azu&o 
gniddifi  nujnixnxm  add  sninnadab  od  fooiinodTsq  sdow  sdnsmi-xsqxs 
gyxb  do  rioxdsdidnaofioo  dnsoxiingia  e>  aouboiq  od  baiiupsi  amid 

.nijia  arid  iuorfpaoiirid  b9d:io8dB 
do  doadle  ,erid  bawoila  nsvaa  dnattixdoqxo  do  sdXnaad  arlT  ^ 

©riT  ,  (IIV  aXdsT)  dBd:t  asduaxrn  OS  disddB  gniddui  abnoosa  Od 
bsnxnnodeb  asw  noidq:to8dB  od  amid  gnxddi;i  airid  do  rioxdtrdx'idnoo 


I 


/ 


79 


in  experiment  eight  by  eliminating  the  rest  period.  The  results 
as  shown  in  Table  IX  indicated  that  60  second  rubbing  had  very 
little  effect  on  intracutaneous  absorption.  This  was  verified 
later  by  experiment  nine  where  the  preparation  was  rubbed  for 
10  seconds  with  a  240  minute  rest  period.  Table  X  showed  that 
an  almost  equal  amount  of  absorption  resulted  after  240  minutes 
rest  with  10  second  rubbing  as  occurred  with  60  second  rubbing 
and  the  same  rest  time  (Table  VII) .  Furthermore,  10  second 
rubbing  with  no  rest  period  was  found  to  promote  very  little 
absorption  in  experiment  ten  (Table  XI) .  No  further  reduction 
in  rubbing  time  was  considered  acceptable  since  it  was  noticed 
that  rubbing  for  less  than  10  seconds  did  not  provide  a  uniform 
application  of  the  drug  preparation  over  the  entire  surface 
area  of  skin  exposed. 

Although  rubbing  time  variations  appeared  to  have 
little  effect  on  intracutaneous  absorption,  plasma  measurements 
from  the  above  experiments  showed  a  significant  difference  in 
the  systemic  absorption  of  salicylic  acid  due  to  rubbing  time 
(Table  XII) .  After  240  minutes  of  rest,  the  absorption  obtained 
with  60  second  rubbing  was  much  greater  than  that  obtained 
with  10  second  rubbing.  The  effect  of  increased  rubbing  on 
the  blood  vessels  near  the  surface  of  the  skin  as  postulated 
earlier  appears  to  be  a  logical  explanation  for  this  difference 
in  absorption.  Since  the  two  rubbing  times  were  found  to 
promote  intracutaneous  absorption  to  approximately  the  same 
degree,  but  60  second  rubbing  had  a  greater  influence  on 
systemic  absorption  than  did  10  second  rubbing,  the  latter 
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SYSTEMIC  ABSORPTION  OF  C  -LABELED  SALICYLIC  ACID  (See  Legend) 
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was  decided  upon  for  use  in  the  "rest  time"  study. 

The  number  of  replicates  used  for  each  experiment 
was  largely  decided  by  the  significance  of  the  results  obtained 
for  each  factor  investigated.  Although  three  plasma  replicates 
appeared  to  be  adequate  for  experiments  six  to  10,  the  number 
of  such  replicates  was  increased  to  six  for  studying  rest  time 
and  concentration  as  functions  of  systemic  absorption  to  equate 
with  the  number  of  replicates  measured  for  intracutaneous  absorp¬ 
tion.  This  was  considered  desirable  since  the  results  from  such 
studies  would  be  used  to  interpret  whether  systemic  and  intra¬ 
cutaneous  absorption  were  proportional. 

The  rest  times  investigated  were  240,  120  and  30 
minutes.  The  results  in  Tables  X,  XIII  and  XIV  show  that  the 
rate  of  intracutaneous  absorption  of  salicylic  acid  changes 
with  the  times  studied.  This  change  in  rate  is  probably  best 
demonstrated  in  Figure  17  where  the  absorption  at  240  minutes 
rest  time  was  taken  to  represent  100  per  cent  absorption. 

While  only  about  eight  per  cent  of  drug  was  absorbed  during 
the  first  12.5  per  cent  of  rest  time  (30  minutes),  absorption 
was  approximately  67  per  cent  complete  at  50  per  cent  of 
the  rest  period.  Table  XV  shows  that  the  rate  of  systemic 
absorption  also  changed  at  the  different  rest  times.  The 
trend  in  this  change,  however,  differed  from  that  found 
in  intracutaneous  absorption  (Figure  17) .  Approximately 
two  per  cent  of  the  drug  was  absorbed  systemically  during 
the  first  12.5  per  cent  of  time  and  absorption  was 
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INTRACUTANEOUS  ABSORPTION  OF  C  -LABELED  SALICYLIC  ACID 
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Figure  17 : 


14  .  -1  ■ 

The  absorption  of  C  -labeled  salicylic 
by  skin  and  by  plasma  as  a  function  of 
rest  time. 
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SYSTEMIC  ABSORPTION  OF  C  -LABELED  SALICYLIC  ACID  (See  Legend) 

EFFECT  OF  REST  TIMES 
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Drug  vehicle  -  Hydrophilic  Oint.  USP  XVII  2.  Drug  concentration  in  vehicle  10% 

Specific  activity  -  90^c/Gm  4.  Rubbing  time  -  10  secs. 

a~^  Average  of  duplicate  determinations  for  each  replicate. 

b.  Corrected  to  constant  plasma  volume  (see  p.  58  ) . 

c.  Standard  Deviation. 
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only  about  30  per  cent  complete  when  half  the  rest  period  was 
finished.  This  trend  in  the  systemic  absorption  of  salicylic 
acid  from  a  hydrophilic  ointment  at  different  rest  times 
agreed  quite  closely  with  that  found  by  Stolar,  Rossi  and  Barr 
(70) .  The  difference  in  the  rates  of  intracutaneous  and  sys¬ 
temic  absorption  demonstrated  that  absorption  by  the  two 
phases  was  not  proportional  at  different  rest  times  under  the 
conditions  of  the  present  investigation.  The  reasons  for  this 
difference  in  absorption  trends  probably  can  be  postulated 
better  by  first  considering  from  a  theoretical  point  of  view 
what  effect  rest  time  might  be  expected  to  have  upon  absorption. 

Higuchi  (37)  formulated  two  relationships  of  absorp¬ 
tion  as  a  function  of  time.  The  relationship  which  would  be 
applicable  to  a  particular  system  would  depend  on  where  the 
rate  determining  step  was  located  in  absorption  from  the  system. 
Since  the  salicylic  acid  was  present  in  preparation  B  prin¬ 
cipally  in  the  suspended  fom  the  rate  determining  step  to 
absorption  in  this  study  was  expected  to  be  in  the  vehicle 
(see  p.  18).  Therefore  it  was  anticipated  that  equation  4 
would  predict  the  degree  of  absorption  from  preparation  B  better 
than  would  equation  2 .  The  integrated  form  of  equation  4  shows 
that  absorption  should  vary  according  to  the  square  root  of 
time . 

Q  =  J2ADC  t  (Eq.  5) 

s 

since  the  variables  A,  D  and  were  kept  constant  for  the 
"rest  time"  experiments,  equation  5  may  be  reduced  to 


Q  =  •  t 


(Eq.  6) 
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where ; 


Q  =  concentration  of  drug  absorbed  (DPM) 

X  =  a  constant 
t  =  rest  time  (minutes) 

Theoretical  Q  values  were  calculated  from  equation  6  for 

intracutaneous  and  systemic  absorption  at  the  rest  times  studied 

in  the  following  manner.  Values  for  the  constant  (X)  were 

calculated  for  both  the  skin  (X^)  and  plasma  (X^)  phases  by 

letting  the  experimental  absorption  results  of  both  phases 

from  the  240  minute  rest  period  study  represent  Q  and  Q  res- 

s  P 

pectively . 

This  rest  time  was  chosen  to  calculate  the  values 
for  X  since  absorption  at  240  minutes  was  expected  to  more 
closely  represent  that  predicted  by  equation  6  than  was  absorp¬ 
tion  at  a  shorter  time.  The  reason  for  this  is  that  equation 
6  was  designed  with  the  qualification  that  it  would  only  predict 
absorption  by  a  perfect  sink.  Absorption  by  the  plasma  and  by 
the  dermal  tissues,  however,  would  not  be  expected  to  initially 
approximate  such  a  receptor .  A  certain  lag  time  probably  would 
occur  after  application  of  the  drug  preparation  before  the  drug 
could  penetrate  the  superficial  tissues  and  appear  in  the 
blood  and  the  dermis  for  analysis.  Once  the  rate  of  drug 
penetration  through  the  superficial  tissues  was  constant,  this 
lag  time  would  be  over  and  then  the  blood  and/or  the  dermis 
might  approximate  a  perfect  sink  for  subsequent  drug  absorption. 
At  this  time,  absorption  by  either  or  both  phases  could  be 
expected  to  correspond  to  the  absorption  predicted  by  equation  6 
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Therefore,  absorption  results  obtained  at  the  longest  rest 

period  studied,  240  minutes,  were  used  for  calculating  X  and 

s 


The  240  minute  data  from  Table  X  was  used  to  cal¬ 
culate  a  value  for  X  as  follows: 

s 


Q 


s 


23,348 


Xg  =  2,268,036 

Systemic  absorption  results  at  240  minutes  from  Table  XV  were 
similarly  used  to  calculate  a  value  for  X 


3,115  =>|x  .  240 

P 


X  =  40,401 

P 


The  predicted  Q  values  for  absorption  by  each  phase  were  then 
calculated  for  30  and  120  minute  rest  times  by  applying  the 
above  values  for  X^  and  X^.  The  predicted  and  corresponding 
experimental  values  for  absorption  at  different  rest  times 
are  presented  in  Table  XVI. 
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TABLE  XVI 

COMPARISON  OF  THEORETICAL  (Eq.  6)  AND  EXPERIMENTAL 
ABSORPTION  (DPM)  of  C^'^-LAEELED  SALICYLIC  ACID  BY  SKIN 
AND  PLASMA  AT  DIFFERENT  REST  TIMES 

ABSORPTION  (DPM) 

SKIN  PLASMA 


Time  (Mins . ) 

Theor . 

Exptl . 

Theor . 

Exptl . 

240* 

23,348 

23,348 

3,115 

3,115 

120 

16,497 

15,655 

2,202 

928 

30 

8,249 

1,939 

1,101 

74 

*  Theoretical  absorption  at  this  rest  time  arbitrarily 
was  taken  to  be  the  same  as  that  obtained  exper¬ 
imentally  . 


The  intracutaneous  absorption  determined  experimentally 
at  120  minutes  agreed  very  closely  with  that  predicted.  The 
experimental  concentration  gradients  of  drug  through  the  skin 
at  various  rest  times  (Figure  18)  show  that  the  intercepts  of 
the  120  and  240  minute  slopes  are  fairly  close  to  each  other 
at  the  200  micron  level  of  skin.  This  indicates  that  the 
amount  of  drug  entering  the  dermal  tissues  was  nearly  the 
same  and,  therefore,  that  the  lag  time  was  almost  over  at 
these  rest  times.  Since  the  dermal  tissues  would  be  expected 
to  function  as  a  perfect  sink  after  the  completion  of  lag  time, 
the  absorption  determined  experimentally  should  approximate 
that  predicted.  This  appeared  to  be  the  case  for  the  120 
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Figure  18: 


14 

Concentration  gradients  of  C  -labeled  salicylic 
acid  in  the  skin  at  different  rest  times. 


DRUG  CONCENTRATION  (DPM) 


DEPTH  OF  SKIN  FROM  SURFACE  (microns) 


DKnO  COMCEMiKyilOM  (DbW) 
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minute  rest  period.  The  experimental  absorption  at  30  minutes 
however,  was  much  lower  than  anticipated  (Table  XVI) .  This 
again  could  be  explained  on  the  basis  that  the  lag  time 
required  for  absorption  by  the  dermal  tissues  was  much  longer 
than  30  minutes.  The  relatively  large  differences  in  the 
intercept  and  the  slope  of  the  30  minute  absorption  gradient 
from  those  at  120  and  240  minutes  would  seem  to  support  this 
concept.  If  such  were  the  case,  the  absorption  measured  at 
30  minutes  would  be  expected  to  be  lower  than  the  absorption 
as  predicted  by  equation  6. 

The  experimental  systemic  absorption  results  obtained 
at  120  and  30  minutes  compared  poorly  with  those  predicted 
theoretically.  The  reason  for  this  was  difficult  to  explain 
since  there  are  probably  two  major  sources  for  system.ic  absorp¬ 
tion  located  at  different  depths  within  the  skin.  A  drug 
penetrating  the  superficial  layers  of  skin  would  first  en¬ 
counter  the  capillary  network  below  the  epidermis.  If  it  were 
not  all  absorbed  from  this  region  it  would  progress  through 
the  dermis  and  probably  be  carried  away  by  the  next  major  blood 
network,  the  rete  cutaneum.  Assuming  that  this  deeper  network 
was  the  major  site  of  systemic  absorption,  the  change  in  the 
rates  of  systemic  absorption  at  different  rest  times  may  be 
explained  by  again  referring  to  Figure  18.  From  the  concen¬ 
tration  gradients  it  would  appear  that  systemic  absorption  at 
30  minutes  probably  occurred  only  from  the  superficial  network 
since  very  little  drug  was  indicated  in  the  deeper  tissues. 
After  120  minutes,  however,  the  drug  concentration  in  the 
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deeper  tissues  increased  rapidly  and  some  systemic  absorption 
probably  occurred  from  the  major  vascular  network  as  well.  Since 
the  concentration  of  drug  in  the  deeper  tissues  apparently  con¬ 
tinued  to  increase  with  rest  time,  the  amount  of  drug  exposed 
to  the  rete  cutaneum  would  therefore  be  expected  to  increase 
proportionally.  Consequently,  the  rate  of  systemic  absorption 
at  240  minutes  was  found  to  be  faster  than  at  120  minutes. 

This  change  in  rate  of  systemic  absorption  at  the  rest  times 
studied  suggested  that  the  lag  time  required  for  systemic  absorp¬ 
tion  to  follow  the  absorption  predicted  by  equation  6  was  not 
realized  before  240  minutes.  On  this  basis,  the  experimental 
and  theoretical  systemic  absorption  data  in  Table  XVI  would 
be  expected  to  differ  accordingly. 

Another  relationship  of  absorption  with  time  was 
proposed  by  Higuchi  (37)  with  the  assumption  that  the  rate 
determining  step  to  absorption  occurred  in  the  "major  barrier" 
of  the  skin.  Upon  integrating  the  equation  expressing  this 
relationship  (see  equation  2,  p.  16  )  the  predicted  absorption 
becomes  directly  proportional  to  time 


A  comparison  of  the  experimental  intracutaneous  and  systemic 
absorption  results  with  absorption  predicted  by  this  equation 
was  made  to  see  if  the  rate  determining  step  to  absorption  in 
the  present  study  was  across  the  'major  barrier".  The  theor¬ 
etical  values  for  absorption  were  calculated  in  the  same  manner 
as  for  equation  6  (see  p.  90  )  and  are  compared  to  experimental 
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values  in  Table  XVII. 


TABLE  XVII 

COMPARISON  OF  THEORETICAL  (Eq.  7)  AND  EXPERIMENTAL 
ABSORPTION  (DPM)  OF  C^'^-LABELED  SALICYLIC  ACID  BY  SKIN  AND 

PLASMA  AT  DIFFERENT  REST  TIMES 


ABSORPTION 

(DPM) 

Time  (mins.) 

SKIN 

PLASMA 

•k 

Theor . 

Exptl . 

Theor  , 

Exptl . 

240 

23,348 

23,348 

3,115 

3,115 

120 

11,640 

15,655 

1,560 

928 

30 

2,910 

1,939 

390 

74 

*  Theoretical  absorption  at  this  rest  time  was  arb¬ 
itrarily  taken  to  be  the  same  as  obtained  experimentally. 

The  experimental  absorption  results  of  both  skin  and  plasma 
differed  considerably  from  the  absorption  values  predicted  by 
equation  7  for  120  and  30  minute  rest  times.  Thus  it  appeared 
that  the  "major  barrier"  in  these  experiments  was  not  the 
rate  detennining  step  to  absorption  as  interpreted  by  equation  7. 

The  above  interpretations  of  differences  in  the 
intracutaneous  and  systemic  absorption  of  salicylic  acid  are 
presented  but  certain  limitations  are  recognized.  The  use  of 
plasma  analysis  to  represent  the  amount  of  drug  which  is 
absorbed  systemically  is  subject  to  variables  such  as  metabol¬ 
ism,  storage  and  excretion  of  the  drug.  The  assumption  that 
the  rete  cutaneum  was  the  major  source  of  systemic  absorption 
would  have  been  stronger  if  the  analysis  of  dermal  tissues 
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had  been  extended  to  a  depth  at  which  this  vascular  network 
is  located.  Intracutaneous  absorption  as  measured  by  the  des¬ 
cribed  method  was  interpreted  to  have  agreed  favorably  with 
the  absorption  predicted  by  equation  6  on  the  basis  that  the 
lag  time  was  almost  over  after  120  minutes.  This  could  have 
been  further  substantiated  by  performing  absorption  studies 
at  progressively  increasing  rest  times.  The  basic  purpose  of 
this  study,  however,  was  to  determine  whether  systemic  absorp¬ 
tion  was  proportional  to  intracutaneous  absorption.  Since  this 
purpose  appeared  to  be  satisfied  with  the  data  obtained,  further 
investigations  were  not  undertaken. 

C.  Percutaneous  Absorption  as  a  Function  of  Concentration 

The  primary  object  of  studying  concentration  was  to 
test  the  ability  of  the  developed  method  to  measure  the  effect 
of  this  variable  on  intracutaneous  absorption.  A  comparison 
of  theoretical  absorption  values  with  those  obtained  exper¬ 
imentally  was  adopted  as  a  suitable  means  for  making  such  an 
evaluation . 

The  theoretical  absorption  values  for  the  five  and 
10  per  cent  concentrations  studied  were  calculated  by  using 
equation  5.  This  equation  was  selected  since  it  was  found 
to  be  satisfactory  for  predicting  the  effect  of  rest  time  on 
the  intracutaneous  absorption  of  salicylic  acid  after  allowing 
for  duration  of  lag  time.  A  240  minute  rest  period  was 
employed  since  results  from  the  previous  study  also  indicated 
that  the  tissues  being  measured  best  approximated  a  perfect 
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Two  types  of  drug  concentrations  are  described  by 

equation  5.  These  are  the  concentration  of  dissolved  drug  (C  ) 

s 

and  the  total  concentration  of  both  dissolved  and  suspended 
drug  (A) .  Since  salicylic  acid  was  found  to  be  present  in 
the  suspended  form  at  both  five  and  10  per  cent  concentrations 
in  the  hydrophilic  ointment,  it  was  assumed  that  the  amount  of 
drug  in  the  dissolved  form  (C  )  was  constant  for  both  prep- 
arations  used  in  this  investigation.  On  this  basis,  the  only 
concentration  variable  of  interest  would  be  A  and  thus  equation 
5  may  be  reduced  to 

Q  =  \lx  .  A  (Eq.  8) 

The  concentration  of  the  10  per  cent  preparation  was  arbitrarily 
taken  to  be  exactly  100.0  mg/Gm.  Since  the  five  per  cent 
preparation  was  made  from  the  10  per  cent  one,  it's  concentra¬ 
tion  was  calculated  from  the  relative  specific  activities  of 
the  two  preparations  and  found  to  be  50.8  mg/Gm  (see  p.  54  ) . 

The  theoretical  value  of  X  was  determined  as  previously  by  letting 
the  experimental  absorption  from  the  five  per  cent  preparation 
represent  the  theoretical  absorption  at  this  concentration. 

The  predicted  absorption  value  for  the  10  per  cent  preparation 
was  then  calculated  with  this  value  of  X. 

The  experimental  absorption  results  for  the  five  and 
10  per  cent  concentrations  of  salicylic  acid  are  shown  in 
Table  XVIII  and  X  respectively.  A  comparison  of  the  predicted 
(Eq.  8)  and  experimentally  determined  absorption  values  for 
the  10  per  cent  preparation  is  presented  in  Table  XIX. 
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TABLE  XIX 

COMPARISON  OF  THEORETICAL  (Eq.  8)  AND  EXPERIMENTAL  ABSORPTION 

1  4 

(DPM)  OF  5  AND  10%  C  -LABELED  SALICYLIC  ACID 
BY  SKIN  AND  PLASMA 

 ABSORPTION  (DPM) 


Concentration  (%) 

SKIN 

PLASMA 

Theor . 

Exptl , 

Theor . 

Exptl 

5 

17,669 

17,669 

1,191 

1,191 

10 

24,780 

23,348 

1,670 

3,115 

*  Theoretical  absorption  at  this  concentration  was 
arbitrarily  taken  to  be  the  same  as  that  obtained 
experimentally . 

Experimental  absorption  by  the  skin  increased  by 
approximately  32  per  cent  upon  doubling  the  concentration  of 
salicylic  acid  applied.  This  satisfactory  agreement  with  the 
40  per  cent  increase  predicted  by  equation  8  indicates  that 
the  method  developed  for  measuring  intracutaneous  absorption 
provides  a  reasonably  accurate  measurement  of  the  effect  which 
concentration  was  expected  to  have  upon  drug  absorption  from 
a  suspension  system.  An  explanation  for  the  fact  that  the 
experimental  results  were  slightly  lower  than  those  predicted 
may  be  found  by  comparing  the  absorption  gradients  of  the 
two  preparations  (Figure  19).  If  absorption  from  both  the 
five  and  10  per  cent  preparations  varied  directly  with  con¬ 
centration  as  predicted  by  equation  5,  the  slopes  of  the  two 
gradients  would  be  expected  to  be  identical.  On  this  basis, 
the  concentration  of  drug  absorbed  from  the  10  per  cent 
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14 

Figure  19:  Concentration  gradients  of  C  -labeled  salicylic 

acid  in  the  skin  absorbed  from  preparations 
of  different  drug  concentrations. 


DRUG 


DEPTH  OF  SKIN  FROM  SURFACE  (microns) 


I 


-  i 
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preparation  would  be  expected  to  be  approximately  40  per  cent 
higher  than  the  concentration  from  the  five  per  cent  prepara¬ 
tion  at  comparable  depths  of  the  skin.  As  demonstrated,  this 
relationship  holds  fairly  well  at  all  depths  except  at  the 
500  and  600  micron  levels  where  absorption  from  the  10  per 
cent  preparation  was  approximately  24  and  18  per  cent  higher 
respectively.  A  possible  explanation  for  the  apparently 
abnormally  low  concentration  of  drug  at  these  depths  for  the 
10  per  cent  preparation  could  be  based  on  the  close  proximity 
of  the  major  vascular  network. 

In  pursuing  this  hypothesis,  let  it  be  assumed  that 
this  vascular  network  can  remove  from  this  area  virtually  all 
drug  above  a  specific  concentration.  Let  it  also  be  assumed 

4 

that  this  concentration  lies  between  those  provided  by  the 
two  preparations  employed.  The  amount  of  salicylic  acid 
removed  systemically  after  application  of  the  10  per  cent  prep¬ 
aration  would  then  be  disproportionately  greater  than  that 
removed  after  application  of  the  five  per  cent  preparation. 
Under  such  conditions,  it  follows  that  experimental  values  for 
tissues  at  this  depth  should  be  lower  than  predicted  values. 

The  validity  of  this  assumption  could  be  determined 
by  developing  absorption  gradients  from  additional  preparations 
of  differing  strengths.  Although  interesting  to  contemplate, 
this  work  was  left  for  future  attention  since  it  was  felt 
that  the  primary  object  of  the  study  had  been  achieved. 

Determination  of  systemic  absorption  of  salicylic 
acid  was  again  accomplished  by  using  the  plasma  analysis  tech- 
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nique.  Values  obtained  for  both  the  five  and  the  10  per  cent 
preparations  are  presented  in  Table  XX.  A  comparison  of  the 
experimental  values  and  those  derived  on  a  theoretical  basis 
is  shown  in  Table  XIX. 

From  the  information  so  presented,  it  can  be  seen 
that  the  systemic  absorption  of  salicylic  acid  increased  approx 
imately  162  per  cent  through  doubling  the  concentration  of  the 
drug  preparation.  This  increase  did  not  agree  well  with  the 
predicted  and  experimental  intracutaneous  absorption  increases 
of  40  and  32  per  cent  respectively.  It  appeared  that  removal 
of  drug  from  the  deeper  tissues  by  the  rete  cutaneum  as  suggest 
ed  above,  was  in  fact  much  greater  from  the  10  per  cent  prep¬ 
aration  than  from  the  five  per  cent  counterpart. 

For  this  reason  it  was  concluded  that,  within  the 
parameters  of  the  present  study,  equation  5  is  not  suitable 
for  use  in  predicting  the  effect  of  concentration  on  systemic 
absorption.  The  values  also  indicate  that  the  effect  of  con¬ 
centration  on  percutaneous  absorption  should  be  measured  for 
the  intracutaneous  and  systemic  phases  individually. 
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SUMMARY 

A  method  for  quantitatively  measuring  intracutaneous 

absorption  has  been  presented.  The  method  involved  the  use  of 

guinea  pig  skin  to  measure  the  transepidermal  absorption  of 
14 

C  -labeled  salicylic  acid.  A  number  of  variables  were  found 
to  influence  the  uniform  application  of  drug  when  distributed 
in  a  viscous  vehicle  to  a  specific  surface  area.  The  procedures 
used  to  identify  and  control  these  factors  and  the  procedures 
used  to  make  possible  a  quantitative  recovery  of  absorbed  drug 
have  been  described. 

The  data  obtained  from  this  work  indicated  that  the 
intracutaneous  absorption  of  salicylic  acid  did  not  appear  to 
change  with  different  rubbing  times.  On  the  otherhand,  the 
systemic  absorption  of  the  drug  did  appear  to  change  under  these 
conditions.  There  was  also  some  evidence  to  suggest  that  the 
nature  of  the  vehicle  in  which  the  salicylic  acid  was  presented 
had  a  measurable  effect  on  the  subsequent  absorption  of  the 
drug . 

The  intracutaneous  and  systemic  absorptions  of  sal¬ 
icylic  acid  were  measured  as  a  function  of  rest  time.  The 
results  showed  that  the  rates  of  absorption  by  both  phases 
changed  with  time  and  that  such  rates  differed  for  the  two 
phases  under  the  conditions  of  the  investigation.  These 
results  suggested  that  intracutaneous  and  systemic  absorption 
should  be  measured  individually  and  that  absorption  be  studied 
at  more  than  one  rest  time. 

The  effect  of  changing  the  concentration  of  applied 
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drug  was  evaluated  to  determine  the  ability  of  the  developed 
method  to  measure  the  predicted  effect  of  such  a  variable  on 
intracutaneous  absorption.  The  experimental  data  obtained  com 
pared  favorably  with  those  derived  theoretically  and  thus 
supported  the  value  of  the  method  developed  as  a  quantitative 
measure  of  intracutaneous  absorption.  The  experimental  values 
for  systemic  absorption,  however,  did  not  agree  with  those 
predicted  nor  with  the  experimental  intracutaneous  results. 
This  further  supported  the  importance  of  measuring  absorption 
by  the  two  phases  individually. 

The  experiments  on  the  percutaneous  absorption  of  sal 
icylic  acid  as  a  function  of  rest  time  and  of  concentration 
were  not  intended  to,  and  did  not  provide  an  exhaustive  eval¬ 
uation  of  the  effect  of  these  variables  upon  absorption.  Thes 
experiments  did,  however,  appear  to  satisfy  the  objective  of 
developing  a  quantitative  method  for  measuring  drug  absorption 
by  the  skin  tissues  and  to  substantiate  the  importance  of 
measuring  such  absorption  as  well  as  systemic  absorption. 


bsqoXsvsb  5o  >f:tiXxd6  arid  anximeiab  od  baiBuXeva  sbw 
no  sXdBiitv  b  tioua  doaiia  badoibatiq  orii  sxueBsm  od  boridam 
-moo  benxBddo  edeb  iBdnafltxxsqxa  ariT  .noxdqxoadB  ar/oanBduoB-aidnx 

aurid  bns  YJ^-^^^-i-dexoarid  bavxxab  aeodd  rfdXw  YJtdexovfid  bensq 

( 

svxd.jBdidnfiiip  b  an  baqoXavab  boridsm  arid  do  ouXbv  add  badxoqqna 
aauXfiV  iBdnsjTuxeqxa  arf'r  .noxdqxoaie  ai/oansXx'^Bid ix  do  axuaeafn 
saodd  ridiw  asxps  don  bib  ^xavswod  ^noxdqxoadB  obmadaYS 
.adiuaa’x  anosnBduoBxdnx  XBdnamixoqxa  arid  rldxw  xon  badoxba-xq 
noxdqxoadfi  pnixuaBa/n  do  aonBdxoqmx  arid  badxqqqna  laddxud  airiT  ' 

.  YXiBrrbxvxbnx  aaaBriq  owd  arid 

» 

-Xfia  do  noxdqxosdfi  anoanfidt/oxaq  and  no  sdnamxiaqxa  sriT 

noxdBXdnaonoo  do  bns  smi^  daax  do  noidonud  b  an  bxofi  oxXy^^x 

r 

-Xbvs  avxdauBfixa  ne  abxvoxq  don  bib  bns  ,od  babnadnx  don  axaW 

aaadT  .noxdqxoadfi  noqn  aaldBixBV  aasrid  do  ddadla  arid  do  noidBi; 

do  ©vidoatdo  arid  Yd^idBa  od  xBaqqB  /xavaworf  ^bib  adnamxxaqxa 

» 

noidqxoadB  pxixb  pnixysBam  xod  boridaiK  avidsdidnsup  b  pniqoXsvab 
do  aonGdxoqmi  arid  adBxdnBdadue  od  bns  aaxfjsaid  rxxjia  arid  y<^ 

•  T 

/■ 

.noxdqxosdB  oimadaYa  as  XXaw  ae  rjpx dqxoadB"  rious  pnxxnaBa/n 


•  ‘ 


>  r  * 


JW  ■ 


;  tr«  '>S< 


•'K‘ 


\ 


s. 


f . 


i 


•  a  it/' 


V 


i  ,•!.  JtTf.::!  T~'. 


-r.i.  «,'rd 

'  lf4*  ,  '■  "  .  .  -  ‘  -V  Ay-  i 


107 


CONCLUSIONS 

1.  A  method  using  guinea  pig  skin  has  been  developed  for 
quantitatively  measuring  the  intracutaneous  absorption 
of  radioisotope-labeled  compounds  by  the  transepidermal 
route . 

2.  The  relative  distribution  of  absorbed  drug  at  different 
depths  of  the  dermis  is  also  determined  by  the  method 
described . 

3.  It  has  been  demonstrated  that  systemic  and  intracutaneous 

14  .  • 

absorption  of  C  -labeled  salicylic  acid  are  not  prop¬ 
ortional  when  taken  as  functions  of  time  and  of  concen¬ 
tration. 

4.  The  intracutaneous  absorption  values  of  salicylic  acid 
measured  experimentally  agreed  in  most  cases  with  absorp¬ 
tion  predicted  on  a  theoretical  basis  for  both  rest  time 
and  concentration  studies. 

5.  Experimental  results  for  systemic  absorption  did  not  agree 
with  those  predicted  on  the  basis  of  theoretical  consid¬ 
erations  . 

6 .  Changes  in  the  rates  of  intracutaneous  and  systemic  absorp¬ 
tion  of  salicylic  acid  indicate  that  the  effects  of  var¬ 
iables  such  as  concentration  on  percutaneous  absorption 
should  be  evaluated  at  more  than  one  rest  time. 
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